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Novice Strategies for Comprehending Technical Texts

Final Report

Diana Dee-Lucas & Jill H, Larkin
Oamegie Mellon University

Raesearch Problem

In technical domains, written text Is the dominant mode of Instruction, yet little is known about
how novices process technical texts. Technical texts have unique characteristics that are unfamiliar to
novice readers (i.e., readers who are not knowledgeable about technical subject matter), and
therefore could pose comprehension problems. We have focused oil two of these characteristics --
(a) complex content and (b) unique content organizations. The content of technical texts is complex
and foreign in nature to novices, and novices may therefore have difficulty picking out the important
Information in these texts. Therefore, the first focus of this research was on how novice readers
determine what is important In technical texts. Additionally, technical texts use specialized
organizational schemes In structuring their content, and novices may have difficulties detecting and
using these novel organizations while they are reading. The second focus of this research was on
how one such specialized text structure Influences novice attention and learning. This project has
determined how both of these unique features of technical writing Influence novice text processing,
and has developed corresponding suggestions for the design of technical texts.

Overview of Ma/or FlndInas ,

Novioe strateoles for assessing importalce. This research found that novice readers Judge
importance in technical texts partly on the basis of information category -- they consistently judge
some categories of Information, such as definitions and equations, as being more Important than
other categories, such as facts. This Indicates that novices develop general rules defining what types
of Information are important In technical domains. Further research showed that these rules have a
significant Impact on learning, in that they influence what novices attend to, what they recall, and
ultimately their depth of understanding (as indicated by their ability to use Information to solve
problems). Given the influence of these rules on learning, the accuracy of these rules Is of great
Importance In determining the efficiency with which novices learn from technical texts. Previous
research comparing experts' and novices' judgements of what Is important in technical texts indicates
that these rules are too general to allow novices to accurately assess importance in these texts.
Accordingly, these findings have practical Implications for how technical texts aimed at a novice
audience should be written In order to compensate for Incorrect novice rules and capitalize on those
that are appropriate.

Text organization and learning. This research compared novice processing of a specialized text
structure with a more conventional alternative structure. The specialized structure was one used In
presenting principles and their corresponding proofs. This structure presents Mne proof prior to
stating the principle, a "proof-first" organization. This was compared to the more familiar "principle-
first" organization in which the principle is presented prior to the proof. The results Indicated that
novices find the specialized proof-first structure less appropriate and more difficult to process.
Novices used the conventional principle-first structure In summarizing both proof-first and principle-
first texts, Indicating that they clearly preferred this structure. Additionally, the proof-first structure
decreased the probability of readers recalling the passage theme (i.e., the principle). Finally, the two
structures caused novices to focus attention on different types of information, with novices giving
the most attention to Information when it occurred at the beginning of the text. These results
suggest that the specialized proof-first structure makes It more difficult for novices to develop an
overall representation for the text, and ultimately results in a more fragmented representation which
decreases recall of the principle. These results have implications for how technIcal content should be
organized for novice readers.
fotent/al Agg/icattons

Much of the Army's Instruction of novice personnel on the use of complex equipment occurs via
technical manuals. The findings from this research project have two main implications for the
Improvement of technical manuals.
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First, our research found that novices with little technical background have strong
preconceptions about the types of Information that are Important In these texts. These
preconceptiono are misleading In that they result In novices focusing on some of the less Important
text content. This suggests that the effectiveness of technical manuals can be Improved by taking
these preconceptions into account and using clear signals to Indicate Important material that novices
might miss. This can be done in part by manipulating the form in which information is presented.
Because novices have rules about what categories of Information are Important, they are sensitive to
how Information is presented (i.e., whether Information Is presented in the form of a definition or a
fact). Therefore, writers can use sentence form to guide novices to the Important content in texts.
For example, Important quantitative relations should be presented as equations because novices
consider equations to be a particularly important type of Informatlon. Similarly. unimportant
quantitative relations (i.e., the intermediate equations in a proof, or low-level elaborative definitions)
should be presented In non-equational form, or otherwise de-emphasized. The latter can be done, for
example, by not setting the equation apart from the rest of the text (presenting It on the same line
with text), or by not numbering less Important equations. Additionally, writers should take care to
emphasize Important content that novices are likely to miss because they consider that content to be
a less Important type of information (for example, facts). This Information should be presented in a
manner that calls attention to it, either by signally its Importance through typographic cues (e.g.,
italicizing, underlining, etc.), or by explicitly Indicating indicating its Importance in the text (e.g., "you
should note that," "it Is Important to understand," etc.). In general, writers can use knowledge of
novices rules in conjunction with rhetorical Indicators of Importance to emphasize Important content,
de-emphasize less critical Information, and thus guide attention to the appropriate text content.

Second, our findings show that the processing difficulty of technical texts depends in part on
how the content Is organized. Processing difficulty Is reduced when major principles are presented
early in the text. Apparently this type of content provides novices with an organizational framework
which aids them in organizing the more detailed text information and helps them determine what is
Important as they read. This research also Indicates that writers need to match the text organization
that they use to their learning goals for the reader. The Information that is most Important for the
reader to learn will receive the most attention if it is presented early in the text. However, if the text
structure does not match an organization that is natural for the reader, the reader may tend to
reorganize it by placing the information they consider to be most Important at the beginning of the
text.

Summary of Research

Strateales for assessina importance in technical writing. Technical texts are typically densely
packed with complex information, including equations, symbols, and specialized terms. Consequently,
it can be difficult for readers who are unfamiliar with technical subject matter to pick out the Important
information. We conducted a series of experiments examining the basis on which novice readers
determine what is Important in technical texts. We found that novice readers judge Importance partly
on the basis of information type (i.e., definitions, facts, equations, etc.). They develop rules defining
what types of information are important in technical domains. We demonstrated this in several
experiments in which we had novices and experts judge the importance of Information when it was
presented in different forms (see Appendix B -- Dee-Lucas & Larkin, 1988b). In one experiment,
subjects judged the importance of content presented either as a definition or a fact. In another,
subjects judged the Importance of quantitative relations presented either as equations or written out
in sentence form. The content was identical in both versions--only the form of the content varied
(i.e., definition vs. fact, or equation vs. sentence).

In both studies, novices were Influenced by sentence form In judging importance. in the first
experiment, novices considered Information to be more Important when it was presented as a
definition rather than a fact. In the second study, novices thought the content was more important
when it was presented as an equation as opposed to a written statement. Experts, on the other
hand, were not influenced by sentence form In judging Importance. They judged the same content as
equal in importance regardless of how it was presented. These results show that novices develop
rules defining what general categories of Information are Important in technical domains, and they
judge Importance according to the category-membership of the content rather than on the basis of
the content Itself.
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Based on these initial findings, we conducted follow-up research to determine how these category
rules Influence novice text processing and learning. This research indicated that these rules influence
attention and memory for technical texts, as well as problem-solving ability. Novice readers spond
more time on the types of content that they consider to be Important when studying technical texts,
and also recall more of this content (see Appendix A -- Dee-Lucas & Larkin, 1988a). As a result,
these rules ultimately Influence novices' ability to use technical content In problem solving (see
Appendix D -- Dee-Lucas & Larkin, 1989b). This was demonstrated In an eyperlment in which we
compared novice comprehension of texts presenting technical proofs when the proofs were
presented as a series of equations (a type of content that novices consider to be particularly
Important) as opposed to a series of written statements equivalent In content to the equations. We
found that with the equation-based proofs, novices tend to focus on quantitative content to the
exclusion of other information types, so they miss important Information linking together the
equations into a coherent proof. Consequently, they have difficulty solving problems requiring
knowledge of non-quantitative proof content. Additionally, novices focus on equations for the
purpose of memorizing them, without really trying to understand them. As a result, novices recall
equations well, but have only a superficial understanding of their meaning so that novices are unable
to correctly apply equations in solving problems.

These findings Indicate that novice Importance rules have a major Impact on novice text learning.
Thus the accuracy of these rules Is important in determining the efficiency with which novices learn
from technical texts. Previous research comparing novices' and experts' judgements of what is
important in technical texts Indicates that these rules are too general to allow novices to accurately
determine what is Important. Therefore, the findings from the current research Indicate that texts
aimed at a novice audience must take into account novice Importance rules and Include clear indicators
of importance that aid novices in distinguishing the important from the less important content.

Text otganization and novice comprehension. Different content domains have different
organizations that are used to structure information in that domain. These include, for example, the
structure of Iugal documents and scientific reports. These specialized structures are specific to the
particular domain, and hence unfamiliar to novice readers. Technical texts also make use of specialized
organizations in presenting technical content. We examined the effects of one of these specialized
structures on novice comprehension of scientific proofs and principles. Technical texts often
introduce a new principle by presenting its proof prior to stating the principle, so the reader has no
Idea of the point of the proof at the time it is being read. This type of structure is unfamiliar to
novices, and. lacks a vonceptual framework that readers can use in processing the text. Thus novices
might have difficulty learning from texts having this kind of structure. We conducted a series of
studies in which we compared novices' processing of texts having this specialized "proof-first"
structure with texts having the more conventional "principle-first" organization (i.e., the principle
presented prior to its proof). The principle-first structure is both more familiar and provides readers
with thematic information (i.e., the principle) to guide their processing of the text. We conducted
three studies: one looked at differences produced by these two structures in reading times and
summaries, another looked at their Influence on the perceived Importance of the Information, and the
third examined differences in what was recalled. We found that these two structures produce
differences in how the content is processed, organized, and recalled.

Readers spend more time on text information when It is presented first. Thus more time is spent
on proof information when it is in the proof-first format, and more time is spent on the principle with
the principle-first organization. The importance rating study showed that there are two factors
contributing to this reading time effect. First, readers consider content to be more important when it
is presented first as opposed to being placed later in the text. Thus readers spend more time on this
content because they think it is particularly important to learn. Second, although they consider this
information to be particularly Important, readers are less certain about the precise importance of the
content when it is presented first. Readers have more difficulty predicting the exact importance of
information (on a scale of 1 to 5) when the content occurs early in the text. Thus readers spend
more time on beginning content because they are less certain of its precise importance in the text.

Although the two structures focused attention on different types of Information within the texts,
readers found the proof-first structure more difficult to process overall. They had more difficulty
predicting the importance of information with the proof-first structure, suggesting that readers
experienced more confusion when reading with this structure. With the principle-first structure,
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readers were apparently able to use the principle as an organizational theme for guiding their
processing of the text as they were reading.

Text structure influenced memory for the principle, but not the proof. Readers were more likely to
recall the principle both Immediately and after a delay with the principle-first structure; recall of the
proof did not vary with structure. Thus the proof was equally memorable with both structures, even
though its processing was facilitated by the principle-first structure. There are several possible
reasons why the principle-first structure would enhance recall of the principle. First, this structure
allows readers to use the principle as a conceptual framework for processing the text. Therefore,
readers keep reviewing the principle mentally as they read in order to interpret the rest of the text In
terms of its relationship to thp principle. Second, the principle was repeated in the principle-first
texts In a manner the allowed them to review this content in an optimal manner (i.e., spaced apart in
the text). With the proof-first structure. the review of the principle was grouped in one portion of a
text, a format that has not been shown to be optimal in previous research.

The readers clearly prefer the principle-first structure, In that they use this structure in
summarizing both proof-first and principle-first texts. In summarizing the proof-first passages,
readers reorganize the proof-first texts into a principle-first structure. The summary data suggests
that readers may re-structure texts according to an organization that they feel is most appropriate
given what they consider to be the most Important text content.

The results of this research suggest that the structure used by a writer should match the
Instructional goals of the text. If the main goal Is to have the learner understand the principle, and
the proof is provided as additional elaborative information designed to strengthen understanding of
the principle, then the principle-first structure seems most appropriate. This structure results in the
desired learning outcomes (as Indicated by this research) and corresponds to novices' view of how
this type of content should be organized, most likely because it is consistent with writing conventions
regarding the placement of topic information. In this sense, it corresponds to R.n expository text
schema that novices have for this type of content. Understanding the principle Is the most common
learning goal associated with this type of content. However, other goals are possible for which the
proof-first structure might be more appropriate. One would be if the main topic of Interest were the
methodology underlying the proof; another would be if the logic behind the proof were of most
concern. In these cases the nature of the proof would be of greater Interest than the specific
principle. Thus a structure analogous to an argument leading up to a conclusion would be most
appropriate in that It would focus attention on this content. However, the current research indicates
that in these cases, providing an Informative Introduction to the proof containing appropriate
orienting information would help readers process texts having this type of structure.
Contributlons to Basic Science

These results suggest how novices develop a *content schema" for a new knowledge domain. A
content schema Indicates how the knowledge for a particular domain Is typically structured, including
what Is Important in the domain. This research suggests that an early stage in the development of a
content schema may be the specification of rules Indicating what categories of Information are
Important. When first learning about a subject matter, novices discover that certain easily identifiable
types of information (e.g., equations and definitions) are likely to be Important, and form general
Importance rules on this basis. These rules could form the foundation for developing an expert
content schema by providing a relatively undifferentiated base from which a more refined rule
structure could be developed. In developing an expert content schema, novices would move from an
importance-rule system based on Information categories to a more refined knowledge structure based
on a deeper analysis of the nature of the content. Thus novice Importance rules can be thought of as
the rudimentary beginnings of a content schema for technical domains.

This research also indicates that the order of mention of information In a text Influences both
attention and learning. When information is presented early in a text, it is more thoroughly processed
and more likely to be recalled. This is because (1) readers expect Important content to be presented
first, and (2) there is greater uncertainty about the role of that Information in the context of the
passage as a whole. However, readers find some organizations more natural than others and will use
these organizations preferentially over those provided for them. This Indicates that readers not only
use text structure as an indicator of Importance, but also have preconceptions about what the critical
content should be, which was also shown in the research on novice Importance rules.
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Attentional strategies for studying scientific texts

DIANA DEE.LUCAS and JILL H. LARKIN
Carreqie.Meilon Uniuerni*K Pittsburgh, Pennsylvania

Content.area novices develop rules as to what types of information (e.g., definitionm facts, equa.
tions) are important in tete (Dee-Lucas & Larkin, 1988). The study reported here indicates that
theme rules influence text learning. Experts and novices read and recalled sc•ence texts. Reading
times and recall for different types of content were compared for the two groups. Results indicate
that novices' importance rules function as part of novices' control schema during reading. 'n.
fluencing their attentional procesa and the resulting representation formed for the text. This
was evident in qualitative differences between experts and novices in their attentional patterns
and text recall. The study also found that the number of passage reading. and the passage topic
have a greater influence on the reading times of experts, but both groups adjust processing time
according to the hierarchical level of the passage content. The findings are discussed in terms
of their implications for novices learning from tests.

Recent research on text comprehension has explored The current study investigated the extent to which these
how readers' knowledge structures interact with text con- importance rules influence novices' attention and learn-
tent in determining what is learned. These knowledge ing when they are studying physics texts (i.e., repeatedly
structures range from very general structural schemata rereading passages to prepare for a test on content). The
for a writing genre (e.g., story grammars) to domain- research examined whether novice rules are used to guide
specific representations of a content ar (e.g., the goal attention during reading, how the use of these rules in-
structure for baseball). They all aid readers' comprehen- teracts with overall passage familiarity in modifyin at-
sion by guiding attention to important and relevant con- tention during repeated study trials, and whether the
tent, facilitating encoding of that information into exist- resulting attentional differences are reflected in what is
ing knowledge structures, and providing retrieval cues. remembered afterward. To the extent that novice impor-
Thus a reader's prior knowledge plays an important role tance rules control text processing, the nature of these
in determining what is learned from text. rules (i.e., their initial accuracy and how they change with

The present study examined how the primitive additional knowledge) has important implications for the
knowledge structures of novices influence attention and efficiency with which novices learn from texts, and how
learning from unfamiliar scientific texts. Most research this efficiency can be increased.
on knowledge effects has considered well-developed sta- . Although recent research has emphasized the impor-
ble knowledge structures, such as story schema, or ex- tance of domain-related schematic knowledge in text com-
pert knowledge. Relatively little is known about the more prehension, readers seem to be able to identify important
tentative knowledge structures developed by novices as content in texts about unfamiliar topics without using this
they learn about a content domain. These knowledge struc- type of knowledge. Kieras (1980. 1985; Kieras & Bovair.
tures are difficult to characterize due to their transient na- 1981) showed that readers can identify thematic informa-
ture (i.e., they are continually updated and modified as tion in texts by using surface-level text features (e.g.. the
more knowledge is acquired) and the potential variabil- topic-comment structure of sentences, passage organiza-
ity among people beginning to learn about a content area. tion, signaling phrases) and a limited, or "shallow," un-
However, Dee-Lucas and Larkin (1986, 1988) have be- derstanding of the semantic relations among the content
gun to describe the knowledge structures of novices learn- (e.g., using semantically entailed information from
ing physics. They have found that people learning physics familiar terms to infer the nature of unfamiliar terms).
form rules that indki.te what types of easily recognizable Thus readers seem to be able to identify the main points
information (e.g., definitions, facts, equations) are im- in unfamilar technical texts without relying on knowledge
portant in physics texis. These rules are part of novices' about the content domain by using superficial characteris-
developing knowledge buucure for the domain of physics, tics of the text structure and semantics. Kieras (1985) ar-

gued that domain-specific schemata, therefore, are not
A version of this paper was presented at dte 1985 American Educ. particularly important for identifying the important con-

tkxW Research Associaton meethng. TWh research wa supported by tent in technical prose.
Army Research Instiute Cmva MDA 903 85K 0190 awarded to id However, Dee-Lucu and Larkin (1986, 1988) showed
aumo. we would ULke to d* Suun Stauffscher and Sepae SnIA that domain-specific rules are used by novices in assess-
for dthir help in data collection. Address rerim nt ueats to Dajm Dee- i
Luas Depatmiene of Psycloolgy, Camuegie-MeU Univemty. Pins. ing importance in texts. They found -a content-ara
burgh. PA 15213. novices (i.e., beginning-level students) develop rules
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about the relative importance of different categories of Additionally, the amount of information recalled from
information in a domain. These rules are domain specific different category types was examined to see if level of
in tha naive subjects (i.e., subjects without domain train- recall varies with the judged importance of the category,
ing) do not possess these rules. Dee-Lucas and Larkin that Is, if attentional differences produced by importance
(1988) demonstrated this rule use in a series of experi- rules also are reflected in qualitative differences in recall.
ments in which they manipulated the category member- Kieras's (1980. 1985; Kieras & Bovair. 1981) findings.
ship of information without altering its substantive con- along with the results of research on novice importance
tent and had subjects varying in expertise judge its rules, indicate that novices have available several sources
importance. They found that naivc subjects judged the of information for judging importance: domain-
same content as equal in importance regardless of its indepcrdent properties of the text structure and content.
sentence-category membership. Similarly, experts also and primitive domain-specific schemata &rising from
judged importance independently of category member- limited experience with the text domain. Given that
ship. However, novices altered their assessment of the novices have available alternative sources of information
importance of the passage content according to its for judging impormce, they might vary the degree to
category. For example, they judged the same content as which they rely on these sources when studying a text
more important when it was presented as a definition than (i.e., repeatedly rereading a passage to learn its content).
is a fact. Thus, although naive, expert, and novice sub- Novices might be.more likely to rely primarily on objec-
jects are all able to identify definitions and facts, category tive text-based cues on the initial reading of an unfamiliar
membership is only relevant to the novices in assessing passage, and to identify the main ideas using rhetorical
importance; that is, only novices think that one category indicators of importance. Once they were familiar with
type is more important than another. This is because structural characteristics of the passage (i.e., its overall
novices have developed rules regarding the importance organization and emphasis), they could then begin to make
of the different categories of information as a result of more use of their schematic knowledge (i.e., importance
their limited instruction in the content domain. rules) on subsequent passage readings and concentrate on

These novice importance rules can be thought of as the parts of the text defined as important within this schema.
rudimentary beginnings of a content schema. A content In the current study, we investigated this possibility by
schema indicates how information in a content area is typi- having subjects read each passage three times, examin-
cally organized, including what is important in that do- ing reading times for each reading trial. The experimen-
main. These rules are part of novices' evolving content tal situation was designed to be similar to a study situa-
schema, in that they define in part what novices view as tion. The subjects were told that they were to read each
important. Sentence category is irrelevant for people passage three times and that they would receive a test on
without domain training because they lack a content its contents. Reading times for initial and subsequent read-
schema xuM do not have strong expectations about what ings were compared to determine whether importance
types of information are important. Sentence category is rules interact with overall passage familiarity in control-
also irrelevant for experts, who have rich content schemas ling attention.
that allow them to judge importance directly. An evolv- This study focused on attentional and recall differences
ing novice schema would consist of only a few category for definitions and facts, two easily recognized types of
rules that specify the importance of different information information that are common and important in scientific
types. However, with additional knowledge regarding the texts. The results of earlier research using naturalistic texts
relative importance of information within type categories, indicate that both novices and experts judge definitions
these rules could be refined and develop into a differen- as more important to learn than facts (Dee-Lucas & Lar-
tiated expert knowledge system. Because novice kin, 1986). However, novices are even more likely than
knowledge structures are primitive, with only a few experts to judge definitions as important and facts as unim-
general rules, novices systematically misidentify the im- portant. I Thus novices are missing some important facts
portant content in domain-related texts. Comparisons of and judging as important some less important definitions.
experts' and novices' judgments of what is important to This indicates that novices do not distinguish between the
learn in natural texts indicate that novices do not dis- important and unimportant content within these type
criminate among the important and less important con- categories. As noted earlier, novices (but not experts)
tent within type categories to the same degree as do ex- judge definitions as more important than facts, even when
perts (Dee-Lucas & Larkin, 1986). the content of the two sentence types is held constant in

The current study was an attempt to determine whether experimental texts (Dee-Lucas & Larkin, 1988).
the primitive content schema of novices (i.e., sentence- Because the definitions and facts in the passages used
type rules for judging importance) is used by novices in in the current study differed in content, they varied in syn-
determining what is important as they read, as indicated tactic complexity and familiarity. Content familiarity has
by the amount of processing time given to different types been shown to influence both reading time (Graesser,
of information. Reading times for different types of con- Hoffman, & Clark, 1980; Johnson & Kieras, 1983) and
tent were examined to see if novice rules are reflected recall (Chiesi, Spilich, & Voss, 1979; Johnson & Kieras.
in differential attention given to different category types. 1983; Spilich, Vesonder, Chiesi, & Voss, 1979).
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Famil/iarity and syntactic complexity were controlled in by higher level mwum), eAp1ane`torm, sutI, a'p -cs, precoedJon (i.e.,
the data analyses with individual subject ratings. These conditiom neceuary for A rule, principle, or fact to hold true). at.were performed after the subjects had finished reading tributes, and propertie. The target sentences were six facts and
each passage and completed a free recali test on its con- six defiaul moccurring ateach of the frst three hierarchical levels
tent. Each subject then rated the target sentences accord- .ofthe passae hirrchie om rating data reported ui Dee.

Lucas and LArkin (1986) indiate that the judged unportan" of theing to (1 how familiar he/she had been with the sentence target sentence Is related to their hierarchical levels, as specified
content prior to reading the passages, and (2) how corn- by this analysis procedure. One of the petsaes is included as an
prehensible the sentences were independent of the Appendix. with the target definitions and facts noted, along with
familiarity of the content. These ratings were used in the their hierarchical levels.
analysis of the reading tanes to control for differences
due to these two var-ables.` The familiarity ratings were The expert group consisted of 18 subjeti who had completedalso used as a covariate in the analyses of the recall data. at least I year of graduae study in physics. The novice group was

The influence of passage structure on reading times for composed of 18 undergraduates who had completed two semesters
definitions and facts was also controlled in this study. Dee- of coursework in physics at the college level. Novices with dts
Lucas and Larkin (1986) found that the difference in the level of physics aW r wens leedgouuue that dh novice group
judged importance of the two sentence types varied with had had enough exposure to physics to have developed information.
the hierarchical level of the content. To determine whether in 3umks. but had not approacde the expert level in mtsnig. Thee
impoa rules a text structure interact in influenc- subjects matchd in level of expertise the expert and novices usedin earlier research o novice importance rulms (DWeeLucas & Lar-ing attention, we analyzed the organizational structure of kin, 1986, 19U).
the passages in this study into a heirarchy, and classified
definitions and facts according to their hierarchical level. Proceidtm
The reading times were analyzed as a function of both The subjects were told that the prpose of the experiment was
information type and hierarchical level to determine if the to find out what types of infonnation people find easy a difficult
difference between the time spent on definitions and facts to understand in physics texts. They were told that they would readeach passagle three times and thee complete a test on its contents.
varied with their structural importance. This analysis also For the first reading, they were to read the passage to find out what
provided an opportunity to examine general levels effects it wu about and its main poln. Min son and third times, they
in reading time. were to read more carefully in prepration for the exam. These in-

stnuctions were given to reduce the pottial variability in how sub-
jecT D interpreted the study task.

METHOD The subjects were also told that the type of test that they would
receive might vary for differet pssalles. This was done so thatStimuhm Materials readers would not have any stong expectstions about what typesThe two passaes were those used by Dee-Lucu 'nd Larkin of information they would be tested on, and so that the free recall(1986) in their research compaixng expert and novice importance test after the first target passage would not influence their readingratings. The topics were work and energy, and fluid statics. They strategy for the second target passage. To help maintain this ek-were 4 and 47 sentences in length. Each passage had been con- pectation of varied test types, different types of tests were given

structed so that it contained 18 target sentences, 9 definitions and after each of the practice passages. 1he goal was to force readers9 facts. The definitions described a concept or construct in terms to rely on their own content schema for the domain of physics inof a given set of chaacteristics. The facts presented properties of deciding what was important to learn in the passages.
constructs or substances, such as "The amount of force produced The passages were presented on a video display terminal one sen-
by a fluid varies with surface area." "Atmospheric pressure also tence at a time, with subjects controlling the sentence presentationvaries from day to day due to changes in the air temperature," and rate by pressing a button. The study was conducted in two sessions."The pressure exerted by the fluid on each part of the surface of In each session, the subjects read one practice passage and one tar-this submerged body does not depend on the material that the body get passage. The order of presentation of the target passages wasis made of." counterbalance. After the first practice passage had been read threeThe definitions and facts were classified according to their level times, the subjects were asked to rate their overall familiarity within the passage structure. The structural analysis was performed at the passage content on a scale from I to 5. and then complete athe sentence level rather than the more commonly used propoei- multiple-choice test. After reading the target passage three times.tion level (Kintsch, 1974; Kintsch & van Dijk, 1978; Meyer, 1975). the subjects again raed their overall familiarity with the passageThis is because the dependent measures.used in this and prior topic and then were asked to recall the passage. When they hadresearch on novice importance rules have involved complete sen- finished the free recall, they rated the individual target sentencesfences. The structural analysis (also reported in Dee-Lucas & Lar. on a 5-point scale according to how familiar they had been withkin, 1986) produced a hierarchy, with the major points of the pea- the sentence content prior to reading the passage, and how easysages occurring at the top levels and the more detailed information it was to understand the sentence independent of its familiarity. Themodifying these points occurring at the lower levels. This analysis procedure for the second session was the same. However, the sub-was performed by first selecting from the passages the main topics jeats were told that they would be given different types of tests inor concepts and placing them at the top of the hierarchy. All sen- this session. After completing the readingp of the practice passage.
tences whose primary content modified these top-level statemeMs they completed a fil-in-the-blank test. After reading the target Was-were placed at the next level; information modifying second-level sage three times, they again completed a free recall test, and then
content was plaiced at the third level- Second- and third-level set- rated the target sentences for their familiarity and comprehen.
tences consisted of examples, derivatiom (i.e.. information implied, sibility.
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RESULTS was the group x trial interaction to account for vanance
due to differences between groups in the degree to which

FamIllarfty Ratings they varied their overall reading speed across trials. The
An analysis of variance was performed on the familiar- passage x group interaction was entered because prelimi.

ity ratings indicating the subjects' overall knowledge of nary analyses indicated that the main effect of passage was
the passage topics. The results indicate significant main greater for one group than the other. Finally, the level
effects for group (F(I,35) - 48.37, WSe - 24.16, x passage interaction was included because the magni.
p < .001 and passage [F(1,35) = 12,76, MSe -3,42, tude of the effect of level varied with passage, Because
p < .00 I.Tw experts were more familiar with both pas- the anlysis was performed on the individual reading mes
sages (M = 1.28) dun were the novices (M = 2.42). Both for each subject on each target sentence, subjects were
groups were more familiar with work and energy also included as a categorical variable. The regression
(M - 1.65) than fluid statics (M -2.08). coefficients for this model, excluding the subject varia-

bles, are presented in Table 1.
Reading Time Sentence type effects. The positive coefficient for sen-

The individual sentence reading times for definitions tence type indicates that, averaged across reading trials.
and facts were analyzed with a multiple linear regression readers spent more time on definitions than on facts.
performed on the log of the times expressed in miii- However, the type x group interaction coefficient indi-
seconds. A regression analysis was performed on in- cates that the size of this difference varied with level of
dividual sentence reading times so that each subject's expertise. Figure la shows the contributions of group and
familiarity and comprehensibility ratings for each sentence type to the estimated reading times for the first reading
could be entered individually, and so differences in sen- of the passages. These are the predicted reading times for
tence length (i.e., number of propositions) could also be the first reading trial for sentences consisting of
included. One data point was identified as an outlier eight propositions, which is the average length of the tar-
through a normal probabiity plot of the residuals for the get sentences in this suWdy
regression model, and this reading time was eliminated As can be seen in Figure I&, the difference in the esti-
from the analysis. The resulting data set contained a total mated times for definitions and facts is greater for novices
of 3,887 reading times. than experts, with novices spending more time on defini-

The factors included in the analysis were passage (fluid tions and less time on facts compared with experts. This
statics, or work and energy), sentence type (definition or is consistent with the type x group interaction found by
fact), level in the passage hierarchy (first, second, or Dee-Lucas and Larkin (1986) with importance judgments
third), comprehensibility and familiarity ratings, number and summaries. It suggests that novice importance rules
of propositions, and reading trial (first, second, or third are reflected in attention2l processes, in that novices
reading). Additionally, several interactions were coded differentiate between definitions and facts more than ex-
in the analysis as the product of the corresponding main perts do in both judged importance and reading time.
effect variables. The type x group and type x trial in- The type x trial parameter indicates that the difference
teractions were included in accordance with the study's in the time spent on defimitions and facts also varied with
hypotheses to see if interactions between these variables reading trial. The main effect of trial shows that the time
contributed to variance in the reading times. Also included spent on both definitions and facts decreased with each

Ta"l I
Plarameter FAdau and Stumdard Errors for a Regression Model

of th Lol of the Rawili* Tim (in mee) on DefIntiou and Fato
Standard Standard

Variable Coefficient Error Regression Coefficient
Intercept 3.510 - -
Familiarity .030 .004 .106
Comprehensibility .027 .004 .095
Propoitns .037 .001 .418
Group -. 061 .021 -. 104
Type .072 .019 .120
Type x Group .032 .014 .045
Trial -. 068 .007 -. 184
Type x Trial -. 017t .006 -. 065
Group x Trial .020 .008 .076
Level -. 026 .0W7 -. 071
Level x Pamp .022 .009 .082
PaSage -. 162 .019 -. 268
Pismap X Group .060 .014 .086

*• W-.52: multiple R-=.72. tp < .04; all other coefficients signiflcam ap< .02
level.
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let rfereading of the passag. However, the type x trial esti.
maw shows tha the decrease In reading time was greater

*.sofor deflinitions tha fats. This s shown in Figure lb. This
suggests that the greater processing time given to defini.

5.25 tions than to fats decreased as the definitions were more
thoroughly learned with each subsequent reading trial.

5.01.on Group dllffrecam. Aithough experts read the tar-
Set sentencesl more quicktly than did novices, differences

I .9 in reading speed between the two groups interacted with
trial. The parameter for the group x trial interaction in-

4.37.dicates that the decrease with each rereading (the main
effect of trial) was more rapid for experts tha for novices.

4.37, Facts Thus the difference between the reading timtes of the ex-
41, ýperts and the novices increased with each rereading be-

4.17V Nov".ces Ex~rscause the experts decreased their reading times over trials
E~0Pts more rapidly tha did the novices. This may reflect greater

Group confidence on the pant of the experts that the subject mat-
ter had been sufficiently Wcarned for the anticipate test.

hIb Expert and novice reading times also varied with pws
sage, as Indicatd by the positive paranmetr for the group

5.28 x passag intraction. Readers in both grups spent more
$.or-time on target sentences in the fluid statics passage (the
4JO lest familiar passage) than in the work and energy pas-if ::~ sage. However, the group x passage estimate indicate

that the difference between teamount oftime spent on
1437the target sentences in the two passage was greater for

~ 4.M7 the experts thani the novice. Th is ineraction is shown
3.98- in Figure ic. which indicates that expert spent more time

3.0-on fluid statics and les time on work and energy than
5363 Deiiin did the novices. Thus the experts discriminated between

3.47-the two passages to a greater degree than did the novices

3.31 Fat ntermis of adjusting reading times.
3.18 Level effects. The parameter estimate for level Md-I 2 cates that readers spent more time on definitions and facts

Reading Trial at the higher level of the passag hierarchy, and less time
an lower level sentences. However, the negative
parameter for the level X passage interaction indicates
that this effect was greater for the fluid statics passage

5.10-Fluid Sttc than for the work and energy passage.
Other varidale. Comprehensibility, famihiurity, and

5.25.number of propositions all had the expected effect on sen-
teceradn tms.Teostvepraeer on:tes

5.01tencaribea idingatied. thareapstied aaeers fpn orieor thsen
14?.7 eeswweels comprehensible, thtwere less

14.57 that fth comprehensibility and familarity variables were
significantly related to the variance in reading times sug-

s4.37gests that subjects were able to adequately assess pre-
4.17 experimental knowledge and syntactic complexity after

3.981 reading the passages several times. The individual sen-
3.C Novices Expg" tence comprehensibilty and familiarity ratings corrlsted

Group .1g.

Fgpwe 1. Esidmstillndl dw for tM MM mf of , Free Recalk
, s.. determsed by smmlliu of (a) Bm smal meko Th e free recals were scored at both die proposition level

Mb readift trW and satowc typ, and (c) p mq and ipeu and the sentence level for the number of target sentnces

AR-5
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and target sentence propositions recalled correctly and in- .a
correctly. A correctly recalled sentence was defined as
one in which all the core propositions were recalled ac. 0.0or
curately. Core propositions were considered to be the F A oef'niUofs
propositions expressing the main idea of the sentence. Par- 10.43
tial credit was given for recall of sentences having more
than one main idea. To receive partial credit, the subject •j Facts
had to recall all of the core propositions for at least one 0.40
idea. A correctly recalled proposition was either one that &
was recalled verbatim or one that included substitutions .0g
that represented the gist of the proposition elements. 0.3
Twelve of the 36 recalls were scored by a second scorer, /
and. interscorer reliability was assessed. There was 95 % 0.30

agreement between the two scorers on the proposition e-e ?~ia, 
0 !,

scoring for the recalled sentences. 0.25 - • caf,
The free recalls were analyzed with an analysis of NOvices Experts

covariance (ANCOVA) performed on the mean number, Goup
of target sentences recalled and on the proportion of tota (i
target sentence propositions recalled. The familiarity rat-
ings were used as the covariate. This was done to control o.o0
for recall differences due to prior familiarity with the sen-
tence content. Analyses were performed on overall recall 0.80 Definitions
and on recall with errors excluded. All significance tests
on the means were done using the Newman-Keuls test, = 00
with p < .05. I,

Proposition recall. An ANCOVA on the mean propor-
tion of the total definition-related and fact-related propo-.- Facts
sitions recalled at each level by each subject indicated sig- 0 ..0-
nificant main effects of type [F(1.33) = 35.44, MSe = a -.

.01.p < .0011 and level (F(2,67) = 68.82, MSe - .01, 040
p < .0011, and a significant type x group interaction Is To.
[F(1.33) - 6.65, MSe - .01. p < .014). The type x - - C€u~it, Recji
group interaction is shown in Figure 2a. This interaction 0.30 Novices Experts
shows that the difference in the proportion of definition Group
and fact propositions recalled is greater for novices than R 2. Meae p e ( tult-mnac propottam a1
for experts. The adjusted cell means indicated that novices. u 2 Mew rtion oy ea) p4
recalled .44 of the definition propositions and .30 of the (b) target numets recae by each group.

fact propositions. experts recalled .48 of the definition
propositions and .43 of the fact propositions. The differ- ysis indicated significant main effects due to type [F(1.33)
ence in recall of definition and fact propositions is sig- = 32.38, MSe -. 01, p < .0011 and level [F(2,67) =
nificant for the novices but not for the experts. Thus 65.51, MSe -. 01. p < .0011, and significant interactions
novices spent more time on definitions tha on facts when of type X group [FT1,33) = 5.74, MSe = .01,p < .0221
reading the passages, and recalled significantly more and type x level [F(2,67) = 3.06, MSe = .01,
definition- than fact-related information afterward. The p < .053). The pattern of means for the type x group
difference between novice and expert recall was signifi- interaction was similar to that of the total data set (see
cant for facts but not for definitions. Figure 2a). The type x level interaction is due to the fact

The main effect of level is due to the fact that more that recall declined with level more sharply for facts than
target sentence propositions were recalled from the up- for definitions. The adjusted mean proportions of defini-
per levels than from the lower levels of the passage hier- tion propositions recalled accurately were .52 (level 1).
archies. All adjusted means were significantly different. .47 (level 2), and .37 (level 3). For facts, these mean were

Propositions recalled accurately. Of an average total .47, .40, and .22, respectively. All means were signifti-
recall of 129 propositions from the target sentences, a cantly different with the exception of definition recall at
mean of only 1.5 of these were recalled incorrectly. Be- levels I and 2.
cause the number of recall errors was so low, the errors Sentence recall. An ANCOVA on the mean propor-
were not analyzed. Instead, the propositions recalled in- ton of definitions and facts recalled from each level by
correctly were subtracted from the total recall data set, each subject indicated significant main effects of type
and the mean proportion of propositions recalled correctly [F(I,33) - 155.35, MSe - .03, p < .0011 and level
by each subject were analyzed. The elimination of errors [F(2,67) - 95.96, MSe - .02. p < .0011, and a signifi-
did not greatly alter the data set. The results of the anal- cant type X group interaction [F(l,33) W 4.78,
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Mus =.03. p < .0361. These are the same effects found was no significant difference in the recall of definitions
in overall proposition recall, from levels I and 2; all other meAns were significantly

The type x group interaction shows that the difference different. As with the type x level interaction in propo.
in the proportion of definitions and facts recalled was sition recall, the difference between the definition and fact
greater for the novices than for the experts. The adjusted recall is greatest at level 3.
means for this interaction are plotted in Figure 2b.
Novices recalled a mean of .74 definitions and .42 facts; DISCUSSION
experts recalled a mean of .80 definitions and .56 facts.
Both groups recalled a significantly greater proportion of Although novices, by definition, do not have fully de-
definitions Utn fact. but the novices recalled significantly velop-d knowledge structre for unfamiliar domainw, re-
fewer facts than the experts. There was not a significant cent resarch has shown that novlccs do form a rudirmen-
difference between experts and novices in recall of defl- tary type of content schema for scientific texts. Thisnitions. This interaction again suggests that the subjects schema is in the form of rules that specify what types of
were most likely to recall the type of information that they information are important in these texts. Only beginning.
spent the most time on during reading. level students appear to possess these information-type

More high-level than low-level target sentences were rules; they are not found with naive subjects (i.e.. those
recalled by both groups. All adjusted means for the three without domain-related training) or experts (Dee-Lucas
levels were significantly different. & Larkin, 1988). Thus these rules are the result of limited

Sentences recalled accurately. All sentences recalled domain-related training. The current study investigated
incorrectly were eliminated from the total sentence recall the extent to which this type of domaln-specific knowledge
data, and an ANCOVA was performed on the proportion is used by novices in processing science wixts. It also corn-
of target sentences recalled correctly. Most of the recall pared the general study strategies of novices and experts
errors occurred in core propositions. Eliminating errors in adjusting reading time according to Passage familiar-
at the sentence level therefore produced a greater altera- ity and structure.
tion of the data set than did dropping errors from the
proposition data, because the errors composed a larger Novike Rules and Text Precesmg
proportion of the sentence recall data. However, the ab- The results reported here indicate that novice impor-
solute number of errors was still very small. Subjects tance rules do influence attention during reading. Novicesrecalled an average of 22.7 of the 36 target sentences, consider definitions to be more important than facts when
and incorrectly recalled an average of 1.2 of these. judging importance iDee-Lucas & Larkin, 1986, 1988),

The analysis of the mean proportion of target sentences and they spend more time on definitions than facts whenrecalled correctly by each subject from each level indi- studying physics texts. The use of this rule by novices
cated significant main effects of type (F(1,33) = 104.43, was examined for both the initial reading and rereadings
Mse = .03, p < .0011 and level [F(2,67) - 55.94, of the passages. The difference in reading times for defi-
MSe = .03, p < .0011, and a significant type x level nitions and facts was greatest on the first reading trial,
interaction [F(2,67) - 5.74, MSe - .02, p < .005]. indicating that these rules are ,active" on the initial read-There was not a significant type x group interaction in ing of the passage. Apparently, novices devote extra time
this data set [F(1,33) = .71, MSe - .03, p < .411. to definitions as soon as they are identified during read-The mean proportion of definitions and facts recalled ing. This is consistent with research that indicates that
accurately by novices and experts is plotted in Figure 2b readers automatically update their text representation with
for comparison with the type x group interaction found important text content as they read (Cirilo & Foss. 1980;in the total sentence recall data. The greatest difference Goetz, Reynolds, Schallert, & Radin, 1983; Just & Car-
between the two. data sets is in novice recall of defin- penter, 1980; Lorch, Lorch, & Matthews, 1985).
tions. The elimination of recall errors produced a more Novice importance rules also appear to influence learn-
dramatic drop in the recall level for this cell than for any ing: novices recall more definitions than facts. However,
other. T7e fact that this did hot occur with the proposi- most of the novice recall errors occurred in recall of defi-
tion analyses indicates that novices did not recall more nitions. This suggests that novices may rate definitions
definition-related information incorrectly (relative to higher in importance and spend more time on them be-facts), but were more likely to recall incorrectly a core cause they find them difficult to learn, and not necessar-
proposition from a definition. Thus the extra time spent ily because they believe definitions are particularly im-
on definitions resulted in more definitions being recalled, portant. However, the difference in recall accuracy
but not in more accurate recall. For a detailed analysis between definitions and facts is very small. Moreover,
of the nature of the recall errors, see Dee-Lucas and Lar- experts also rate definitions as more important for novices
kin (1987). to learn (Dee-Lucas & Larkin, 1986) and spend more tdie

The type X level interaction is due to the fact that the on definitions when they are reading physics texts, indicat-greatest decline in definition recall occurs between levels 1 ing that, on the average, definitions an more important
(M = .86) and 2 (M -. 67; level 3, M -. 63), whereas for undertanding physics. Additionally, novies ras defi.
the largest decrease in fact recall occurs between levels nitions higer in importnweeven when the content of den.
2 (M - .50) and 3 (,4 - .28; level 1, M - .63). There nitions and facts is identical, and therefore equally diffcult

A7
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(Dee-Lucas & Larkin, 1988). Thus novice importance than on facts. This suggests that definitions are typically
rules appear to partially reflect the nature of the content important for understanding this content domain, and lack
of physics, rather then to relate solely to learning of attention to definitions may, in fact, result in cormpre.
difficulty. hension difficulties. The problem with using this type of

Although there was a significant difference between rule is that it is too general for accurately identifying what
recall of definitions and facts, recall differences may be is important.
somewhat attenuated because subjects read the passages The experts and novices in this study were graduate stu-
thrue times. The subjects were able to concentrate on the dents and undergraduates, respectively. These are the two
facts and other types of information that they considered subject groups that were used in previous research on
to be less critical on the second and third readings of the novice importance rules. These groups were chosen in
passages, possibly bringing the recall level for facts closer order to compare people who learn from physics texts
to that of definitions. The type x trial interaction in the (i.e., undergraduates) with people who use them in teach-
reading time data suggests that subjects may have adopted ing (i.e.. graduate students) to see if the groups match
this strategy. There was a greater decline in reading time in terris of what they consider to be important to learn
over trials for definitions than for facts, indicating that from physics texts (Dee-L uces & Larkin, 1986). Because
the amount of attention given to facts increased relative the current study attempted to replicate previous research
to that given to definitions with subsequent passage findings using different dependent measures, the same
readings. subject groups were chosen. It is possible that the differ-

The current study indicates that differences between the ence between these two groups in the time spent on defi-
content schema of novices and that of experts am reflected nitlons and facts was due to differences in their sensitiv-
in differences in the actual processing of domain-related ity to rhetorical indicators of importance, as opposed to
texts. Thus novice rules are part of the control schema differences in the perceived importance of different
(Kintsch, 1982) used by novices to govern their text categories of information. That Is, if the passages unin-
processing. The use of these importance rules during com- tentionally signaled definitions as being more important
prehension can be viewed as a "macrostrategy" within than facts through the use of rhetorical devices, and if
the framework of the Kintsch and van Dijk (1978; van novices were more influenced than experts by these rhe-
Dijk & Kintsch, 1983) model of comprehension. Accord- torical signals during reading, then they would spend
ing to this model, an integral part of the comprehension (relative to experts) more time on definitions and less time
process is the formation of a "macrostructure" for the on facts. However, the fact that hierarchical structure had
text (see also Guindon & Kintsch, 1984). The macrostruc- the same effect on the importance judgments of novices
ture is a representation of the gist or main ideas of the and experts suggests that the two groups did not differ
passage and is derived from the information in the text in sensitivity to rhetorical indicators of importance. Ad-
through the use of macrorules, which select from and ditionally, previous research controlling the content and
reduce the text content. Macrostrategies are the sets of location of definitions and facts while varying only
strategies used by readers in applying macrorules to con- category membership shows that novices judge definitions
struct a macrostructure. The use of novice '-formation- as more important than facts when rhetorical indicators
type rules constitutes such a strategy in that these rules of importance are held constant (Dee-Lucas & Larkin,
provide a basis on which to select the important text 1988). Furthermore, this earlier research compared the
content. importance judgments of graduate students and under-

Although this study indicates that novices use graduates who were equivalent in physics background and
information-type importance rules as a macrostrategy in found no difference between these two groups in the
the naturalistic "study setting" provided, it is quite pos- judged importance of definitions and facts, indicating that
sible that they would use other rules under other circum- the definition-fact difference between experts and novices
stances. For example, under strong instructional sets, such is due to differences in physics experience rather than
as "learn all the formulas in this text," the influence of differences in educational level.
these rules would be attenuated or eliminated. However,
these rules do appear to be part of the novice "default" Expert and Novice Reading Strategies
strategy. That is, when novices are studying a physics text, Although this study focused on the role of novice im-
they tend to expect certain types of information to be im- portance rules in text processing, it also permits a com-
portant for full understanding of that text. Moreover, these parison of expert and novice strategies in rereading pas-
importance rules are very robust: they have been found sages over several study trials. Both experts and novices
in tasks requiring subjects to rate the importance of in- appear to have adopted a "learning-to-criterion" strategy
formation, select the important content from texts, write in varying their reading times according to sentence type
summaries, and (in the current study) read and recall, and reading trial. There was very little difference between
They have also been replicated over many different novice the groups in this respect. Subjects decreased the extra
groups (see Dee-Lucas & Larkin, 1986, 1988). processing given to definitions over reading trials, so that

The use of these rules is a very sensible default strategy. the difference in the reading times for definitions and facts
As noted earlier, experts also judge definitions as more was very small by the third reading of the passage. Thus
important than facts, and spend more time on definitions subjects appear to have concentrated on the most impor-
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tent passage conmt on the first reading, an then gradu- sage), it suggests that general topic familiariy may have
ally decreased the extra processing given to that content influenced reading times, If this is the case, then the pas-
as it wu more thoughly learned. Although readn times sage x group interaction indicates that the expert were
decreased for facts as well, the decrease was not as rapid, better able to adjust study time in accordance with pas.
so subjects were in effect increasing the amount of atten- sage topic, as well as reading trial. Thus the more elabo-
tion given to facts relative to that given to definitions with rated knowledge structures of the experts may have al.
the passage rereadings. Although definitiors ae consi- lowed them to better determine how much study time was
dered more important than facts, facts arc also judged needed to master the content related to each topic.
above average in impornce (Dee-Lucas & Larkin, 1986, This study controlled for passage structure in order to
1988), so it is reasonable to expect subjects to attend to determine whether the influence of novice impotance
both sentence types. ruJes varied with hie•rchical level. It was found tha more

Although both experts and novices appear to have time was spent on definitions than facts at all levels of
adopted similar strategies in learning the two sentence the passage hierarchies. However, hierarchical level did
types, they differed in the extent to which they adjusted have a main effect on readers' attention. Both experts and
reading times according to reading trial and passage. Ex- novices spent more time on high-level than low-level tar-
pers decreased their reading time more sharply over trials get sentences, and also recalled more high-level content.
than did novices. This suggests that their greater exper- As discussed previously, novices are very adept at using
tise enabled them to learn the passage content more effi- various rhetoria indicators of importance, including pa-
ciently. This efficiency was also indicated by the fact that sage structure (Kieras, 1985; Meyer, 1983). Thus, in the
they recalled more target sentences overall than did current study, novices were able to distinguish low-level
novices, but read the target sentences more quickly. This elaborative facts and definitions from those that provided
is consistent with research that indicates that expertise the main points of the passage. Therefore, novices ap-
facilitates learning from domain-related texts (Chiesi parently spent more time on definitions and less time on
et al., 1979; Spilich et aL, 1979). Spillch et al. found that facts at all levels relative to the experts, with level modify-
baseball experts remembered more than novices after ing attention in a similar manner for both groups. This
reading a passage describing a baseball Same. They at- is consistent with the findings from the importance judg-
tributed the superior recall of the experts to their more ment research that indicate that novices judge high-level
elaborated and differentiated knowledge system, which definitions and facts as more Important than low-level con-
allowed them to map more text content onto preexisting tent, but judge definitions overall higher in importance
knowledge structures. The cas with which experts and facts overall lower in importance than do experts.
learned the content of physics texts in the current study Although levels effects in reading time have been
is also most likely due to a large overlap between exist- reported in other research (Cirilo & Foss, 1980; Schmanl-
ing knowledge and text content. The experts could sim- hofer & Glavanov. 1986), Schmalhofer and Glavanov
ply tag or elaborate existing knowledge structures in con- found that this effect could be altered with instructional
structing a representation of the text, whereas novices had sets that implicitly indicated as important content lower
to generate new knowledge structures. Thus the experts in the passage structure. Thus levels effects in reading
could decrease reading time over trials more sharply than times appear to be a specific instance of the general prin-
could novices because they did not need as thorough a ciple that readers attend to the important text informa-
review of the material in order to check that the appropri- tion, regardless of whether importance is defined on the
ate knowledge had been tagged or to tag additional con- basis of instructions, learning goals, text features, or
tent. Novices, on the other hand, most likely used the schematic knowledge (see Anderson, 1982). This effect
rereadings to check, elaborate, and further generate new in reading times suggests that the influence of level on
knowledge structures, tasks that are more time-consuming recall is due to selective attention: readers recognize high-
(see Johnson & Kleras, 1983). level content as important, and therefore devote extra ef-

Experts also distinguished between the two passages to fort to learning it, resulting in longer reading times and
a greater degree than did novices in adjusting their read- better recall. However, this does not preclude alternative
ing times. Although familiarity and comprehensibility accounts of the levels effect in recall that do not rely on
differences at the sentence level were controlled through a selective attention hypothesis. The Kintach and van Dijk
subject ratings, there was an additional effect of passage (1978) model of comprehension attributes the effect to the
on the reading times. Both experts and novices spent more repeated reprocessing received by high-level content as
time on target sentences in one passage, but the experts readers integrate low-level content with the high-level in-
spent more time on this passage and less time on the other formation. Additionally, Britton (Britton, Meyer, Hodge,
passage than the novices. Because the two passages differ & Glynn, 1980; Britton, Meyer, Simpson, Holdredge, &
on a number of variables, the source of this effect is not Curry, 1979) proposed several accounts of the levels ef-
clear. However, because the main effect of passage on fect which rely on retrieval mechanisms. It may well be
reading tine correlates with overall topic familiarity (with the case that all of these phenomena contribute to levels
both groups spending more time on the less familiar pas- effects in recall.
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___ ___ __ ___ __ ___ __ ___ __ The measutgd blood pressure is thens do saute pressure of the bloo.
YUi following is am of doPsae sdi hi .Tetre Accoring1A to our definiti" of Saute Pressure, the gouge Pressure is

"sentnce ane p -es-d Isk bald. and the sentence type and hl4crvehlescl negativ when die aboute pressure is less than the stanolard atmscphem
level are nowe. pressure.

flUI STAICS2. Density
FLVWST~ncsAny small portio or a material has some volume and some mass

ins the preceding chapters. we sinsdied die balic cotept gideo (w'h~ii dIste suml ofthe nwam ofall the Name coinlaind in duis portim).
dia with systems consisting of many particle$ tthilt portio is snuil e50141, the number of atoml in it, arid thu
Henc, we can now disWs some ofthde imPOrtant Properties Of corn. d us in=" . is p portloniI to its "me (fact, level 1)
moss materials (such as solids, liquids andi Sase), which consist of many For examfple, it' the volume of a portion of water was inm~crsd so that
atoms or molecules it was 3 times as large, she number of atoms in this portion, and thus
We wilsed mostof outtimedisct~i g fluids (iCe. hi4uid55AMdgaui) also the mass of this portion, would be 3 times as large.
because these have sorne femarkable properties or' great imotnc o We con specof a roti calkd Iedryllu* which Ur do'lnwd as tht a
die underistanding of physical aW biologlica~l processes. def~fpon 0fedWW W bi Vo~I)tiiemitWm

1. Pressure T7e densot of. awhetawe dosis nor chang with chavge in ewtume.
rimagine a fluild in a container and in contact with some surface. (fact. level 2)

Assume dhial die fluid ad any other relevant object (such u die con- Pt'pesno wilth this chauwtrestile are called ¶ntrfnalc qumntfdne.
Satir) are at rest so wthatde fluid is In equilibrium. Whlhaeh e w d t%~quuuin vbkh me bidpnidwfmmtn w. (defi
Whlen this is the case, dth AMui In contact with mny su*ce eets nition. level 3)
a co~tilat Jbree perpendkukr to the sudec and the surfae exect The dunsity of.a substume qfte, win wilth Ath petiion of do p.
an equal and opposilte jbrc on the fluid. (Wact," lee1) dons of the mawWteraaken. since' there awe ofsis wiwltissus in the in-
Thene two forme muss be perpendicular to die surlace or die flud layers temal chwacorlstics of wubstances (fact, le4e 2)
will not be motionless. However, density does not always depend on positlo. Of material

Thiforeemevteradbyaflaidon mnyrobjset can be doer"be4by0wc'ji sampled.
ing the "pmwe#,-whih It eied ar the mqwlltude ofefluildfoirce Sawe materials are iWOmgwneouu, which &s define to WM thas
driodby the W" ofa tXu mfec an whilch it acm. (definition. level 1) CH inmrnss piapereiles of the materilal ame tW sace for #mey pwortia
This Is a very useflul concept for discussing fluid forces. of the material. (deflinition, level 1)
The amount of fomc poothaced by a fluid winW with sU*9~ am.a Thus, in materials which are homogeneous, dhe deasity Is the same at
(fact level 2) ac~h point.I
Thisfmre ks eerted by nsolectes which ame dsribute over the ena- It is sometimes convenient to re-express density in carm of specific
"ie surfiet exeriting the pressre. (fact, level 3) gravity.
Therefore. If an ame under pressure were made twice as big, for exam- Specifi grSl~y is defined as Mhe retilo of th diusity of a substame
ple, die number of molecules exeirting a force would double aind the to the deniulsy of wate. - ieflnitlon. level 2)
total force exearced would become twice as large. For example, pure water hab a specific gravity of exactly 1 * while mer-
Howve.gsot oour definiton. pa ressu is not proportionalto ame. cury has a specific gravity or 13,6.
If die are of die surface is made twice as big, die amottnt of Pressure, The SPec~t Srawriy of a subsumne Varies with Its temperature. (fact.
which Is equal to force divided by area remasins die same. level 3)

Although al fluids exert pressure, the pressure of the air in the at- T7herefore, a specific gravity value for a substance is accompanied by
momspr nesr die earths utrbce Is of special! inlier because we usually a statement of the temperature at which it was evaluated.

work In an environmen of air at atmospheric pressure.
We can defin atmasper* premure at any POin as the ratil ofd 3.e Buoan Force
weight o0fG aColumn Of*I extN~ing/mm that POin to the top Of the Suppose an object is surrounded by a liquid at rest, and this object,
aftmophere, &W" I by the criwsutselone area of that column. (defi- having a density less Owtha he density of the liquid, floats partly sub-'
ntiuon, level 2) merged in this liquid.
According to our definition, atmospheric pressure decreases widi in- The pressur exerted by the fluild on each pan of the sur*ace of this
crease in attitude U die weight of die air above tha point decrease. a ~erjd bodyP don not &Vend on the materilal that thme body is made
ASWIosphaET prewsre also, radri from day to day duer to changes In of. (flac. level 1)
air temperature. (ftot. level 3) If this hypothetical object is replaced by fluid similar to tha of its sur-

Aressur is oftenl exresd nterms f _~apressurewhich isroundings. for example, this body of fluid wil experiience die samie pres-
defind as the 4ffremcce becwee ishde prenaium at a poin In a flui sures that acted on die immersed objeict, and will be at rest.
and the atmos~pheric piesrwe. (definition, level 2) An object fotin or submerged in a liquild expertemce a iuoyant
The Pressure 4111a poW8int Inafli is 4cale the "011sou11114 Presure, 0fobrce" due to the surrounding liquid, which Is ddbind at the pir'dutw
and &s defind a simply the acritalpressure at thet POWn. (defntfion, of the deasot of the liuid, the Smaitatdonal acclration S, and the
level)3) volume V, of the liquid displaced by the objec. (definition, level 1)
Since we live and work in an envirormentat atmsperc presure Saut Thus the buoyant force is simply the total force exerted on the object
pressure uses altnoephearl pressure as astandard against which die ac- by die surrounding fluid.
tual pressure Is compared.
For example, a mercury-filled manometer Is commonly used toni
sure the difiference between arterial blood pressur aind the stmospheric (Mianuscript received February 4, IM8;
preSsi. revision accepted for publication December 1. 1987.)
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Previous research shows that content area novices judge certamn categories of information
(e.g.. definitions. facts, equations) as more imponant than others. The current research
tested the hypothesis that novice importance judgements are based on category member-
ship, rather than content differences between categories. Subjects of varying expertise
judged the importance o( sentences in physics texts when they were presented in one of two
forms: definitions or facts (Experiment I). and equations or their verbal equivalents (Exper-
iment 2). The two sentence versions were always identical in substantive content. Experts
and naive subjects (subjects without physics training) judged these variants to be similar in
importance. However, beginning physics students judged definition and equation versions
as more important. Thus beginning-level students develop rules specifying what categories
of information are important, so that sentence category is r salient text festure. Sentence
category is irrelevant for experts, who judge importance according to content. and naive
subjects, who have not formed expectations regarding the importance of information ca-
gories. These results suggest bow a content schema might evolve in novice learners. 9 Im
AclaMmic Fros. Inc.

Scientific textbooks are typically densely free." in that their effects should not de-
packed with complex information, in- pend on the nature of the text content or
cluding equations, symbols, and special- the expertise of the reader. In contrast, a
ized terms. Consequently, it can be difficult "'content-specific'" source of information
for students who are unfamiliar with scien- for assessing importance in texts is the
tific subject matter to distinguish the im- reader's "content .schema'" (Kieras. 1985).
portant content from the elaborative in, A content schema consists of domain-spe-
formation when reading this type of text., cific knowledge about how information in a
There are various information sources that content area is typically organized, in-
novice readers (i.e.. readers who are unfa- cluding what is important.
miliar with the text content domain) could Recent work by Dee-Lucas and Larkin
use in assessing importance. Most research (1986) suggests that novices develop a rudi-
has focused on text-based indicators of im- mentary content schema for scientific do-

portance such as text structure and sig- mains consisting of rules specifying what
naling devices (e.g.. underlining, adjunct types of easily-recognizable information
questions, staging. typographical cuing). (i.e., definitions, facts. equations) are im-
These textual manipulations are "content- portant. The purpose of the present re-

search was to investigate the nature of
these rules. The studies reported here

Portions of this paper were presented at the 196 tested the hypothesis that novices judge
and 1987 meetings of the American Educational Re. importance on the basis of category-mem-
search Association. This research was supported by bership rules-that is. that they consider
Army Research Institute Contract No. MDA 903 85K certain information to be important simply
0180 awarded to the authors. We thank Susan Staur- because of its category membership (i.e..
racher. Wendy Solomon. and Wendy Wyatt for their whether it is a definiion, equation. fact),
help in data collection. Send requests for reprints to
Diana Dee-Lucas. Department of Psychology. Ca- regardless of its content. This was done by
neglie Mellon University, Pittsburgh. PA 15213. varying the category membership of se-
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lected information in physics texts, and ex- importance judgements on some feature of
amining how the category changes in- the content that differed between the cate-
fluenced experts' and novices' judgements gories, rather than entirely on the catego-
of the importance of the content. Two ex- ries themselves. For example, novices may
periments contrasted the judged impor- have considered definitions to be more im-
tance of identical information when it was portant than facts because the definitions
presented in different forms; specifically, contained more new terms. If this were the
when it was stated as a definition or a fact, case, then the rule used by the novices
and written as an equation or in sentence would be that statements with new terms
form. are more important thar statements in-

Novice importance rules have been in- volving known terms, rather than a rule
vestigated in research comparing the im- that definitions are more important than
portance judgements of expert and novice facts. Thus it is not known whether novices
physicists for different types of information are judg)vg importance according to a su-
in physics texts (Dee-Lucas & Larkin, perficial tnalysis of category membership,
1986). Although this research found that or a "deeper" analysis of the nature of the
experts and novices generally agreed on information typically contained in various
the relative importance of various types of categories. A more precise understanding
information, novices' importance judge- of the basis for novice importance rules
ments were more strongly related to type would suggest how domain-specific content
categories than were experts' judgements. schema evolve in novice learners.
For example, both groups judged defini- The current research.tested the hy-
tions to be more important than facts, but pothesis that novice importance rules are
novices were even more likely than experts based on category membership. This was
to judge definitions as important and facts done by Varying the category membership
as unimportant. This suggests that the of specific information in physics texts, and
novices had formulated a general rule that examining how the category change in-
definitions are more important than facts fluenced experts' and novices' judgements
and judged importance on this basis. Un- of the importance of the content. If novice
like novices, the experts' importance importance rules are based on category
judgements were not tied as closely to cate- membership, then novices should vary
gory membership. They presumably were their assessment of the importance of a
judging importance on the basis of the na- given statement with changes in its cate-
ture of the specific sentence content, rather gory. Experts, on the other hand, should be
than the type category. relatively uninfluenced by category

The findings from this area of research changes because they would presumably
suggest that people just beginning to learn judge importance on the basis of the nature
about physics develop a set of rules de- of the content. The category membership
fining what types of information are impor- of sentence information was manipulated
tant in that domain. They use these rules through minor wording variations which
both in deciding what is important (Dee- did not alter the primary sentence content,
Lucas & Larkin, 1986) and in guiding at- but signaled the content as belonging to a
tention during reading (Dee-Lucas & particular category. In this way, category
Larkin, in press). However, this research membership could be varied by changing
on novice importance rules was based on the form in which the information was pre-
naturalistic materials, and thus did not con- sented while content was held constant.
trol for content differences between infor- Two studies were conducted in which
mation categories. Therefore, novices in expert and novice physicists judged the im-
these studies may have been basing their portance of information in physics texts.
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Experiment I compared the judged impor- judgements of the novices ind experts for
tance of attributive information when it was the fact and definition versions (Experi-
presented in the form of a definition or a ment I) and the equation and verbal ver-
fact. The purpose was to determine sions (Experiment 2) of the target sen-
whether differences in the perceived im- tences were compared to see to what ex-
portance of definitions and facts found in tent sentence form influenced the
earlier research were due to differences in perceived importance of the information.
category membership as opposed to con-
tent differences. This was determined by EXPERIMENT I
contrasting the judged importance of infor. The goal of this experiment was to deter.
mation when it was signaled as being a defi- mine wfiether novices consider definitions
nition. through the use of the words **is de- to be more important than facts indepen-
fined as." and when this signaling was ab- dent of the content of the two sentence
sent or replaced with a neutral phrase so types. It also clarified why experts con-
that the content appeared to be a fact. In sider definitions to be more important then
this way the jqdged importance of defini- facts in natural texts. This effect (though
tions and facts was compared while holding not as large as for novices) could be due to
sentence content constant across catego- category-type rules, or because the content
ties. of definitions is typically more important

Experiment 2 extended the findings from than that of facts. If experts are judging im-
the first study to a class of information portance on the basis of content. then they
which is particularly important in physics should be relatively uninfluenced by
problem-solving-quantitative relations. t changes in the category membership of that
contrasted the judged importance of quan- content.
titative relations when they were presented
as equations (e.g.. a = b/c) or written out Method
in verbal form (e.g.. a is equal to b divided Stimulus materials. One passage was
by a). The equational form signals the con- about work and energy and one dealt with
tent as being quantitative in nature, while fluid statics. Each was about 50 sentences
the verbal form makes the category mem- long. One contained 9 target sentences and
bership of the content less apparent. Pre- one had II target sentences.
vious research indicates that novices (as The definition and fact versions of the
well as experts) consider equations to be a target sentences differed in that definitions
particularly important type of content in always included "is defined as." and thus
physics texts (Dee-Lucas & Larkin, 1986). were signaled as being definitions. In the
If novices are basing this judgement on a fact versions. "is defined as" was dropped
category-membership rule. (i.e., that equa- or replaced with "*is represented as." 'is
tions are important regardless of content) calculated as." or "is indicated by.** Thus
then they would judge the same quantita- the facts were "nondefinitions" in that in
tive information as more important when it place of definition signaling they contained
was presented as an equation rather than in phrases indicating that the sentence was
verbal form, presenting attributive information about

In each study. two physics passages the sentence topic (as opposed to criterial
were used which contained target sen- attributes defining the sentence topic).
tences that could be expressed in different Examples of the definition and fact ver-
forms. There were two versions of each sions of some of the target sentences are
passage. each version being identical ex- shown in Table Ia. There were two ver-
cept for the form in which the target sen- sions of each passage. In one version. the
tences were presented. The importance odd-numbered target sentences were defi-
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TABLE I
SAMPLE TARoET SENTENCES

iai Examples of definition and fact versions i Experiment I)
I. Absolute pressure is defined as simply the actual pressure at a point.

Absolute pressure is simply the actual pressure at a point.
2. Specific gravity is defined as the ratio of the density of a substance to the density of water,

Specific gravity is indicated by the ratio of the density of a substance to the density of water.
3. In terms of this notatjun. the work .1W done by a force F in moving an object through a displacement ir is

defined as
.W - F *Ar - Ft.Ar cos 0).

In terms of this notation, the work IW done by a force F in moving an object through a displacement .a is
represented as

.W - F.lr - Ft.a r cos 0).
4. The unit typically used for measuring work. the joule. is defined as the work done by a unit force tone

newton) acting on a unit distance (one meter). A
The unit typically used for measuring work. the joule. indicates the amount of work done by a unit force

(one newton) r~ctinS on a unit distance (one meter).
5. Pressure is defined as the magnitude of a fluid force divided by the arse of the surface on which it acts.

Pressure can be calculated by dividing the magnitude of a fluid force by the area of the surface on which it
acts.

(b) Examples of equation and verbal versions (Experiment 2)
I. Kinetic energy K is equal to the product of one.half the mass m of the particle times the square va of its

speed.
Kinetic energy is

K - 1/2 mV2.
where m is the mass of the particle and v is its speed.

2. The velocity v of an object is equal to the rate at which its position changes with time. or the displacement
Ar divided by the corresponding time interval W.

The velocity of an object is equal to the rate at which its position changes with time or
v ,- Ar/At.

where At is the displacement and At is the corresponding time interval.
3. The gauge pressure P, at a point in a fluid is equal to the difference between the pressure P. at that point

and the atmospheric pressure P,,,.
The gauge pressure at a point in a fluid is

pa - P, - ...
where P, is the pressure at that point and Pm,, is the atmospheric pressure.

4. Density p is equal to the mass m of a portion of material divided by the volume V of that portion.
Density is

p - m/V.
where m is the mass of a portion of material and V is the volume of that portion.

5. Specific gravity S is equal to the density p, of a substance divided by the density P. of water.
Specific gravity is

S-piP.
where p, is the density of a substance and p, is the density of water.

nitions and the even-numbered were facts: highest levels and modifying information
in the second version this was reversed, occurring at the lower levels. Modifying in-

Each of the target sentences was classi- formation consisted of ex•amples. attributes
fied according to its level in the hierarchical and properties, derivations (i.e.. informa-
structure of the passage. The procedure tion implied by or derived from higher level
used for the structural analysis is reported information), explanations. subtopics. and
in Dee-Lucas and Larkin (1986, in press). preconditions (i.e.. necessary conditions
This analysis produced a hierarchy with the for a rule. principle. or fact to hold true).
main topics or concepts occurring at the The hierarchical analysis was perfonned at
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the sentence level. There were 7 sentences sciences/humanities would he a-, high in
at level I (the most superordinate level). 6 verbal ability as graduate students in
sentences at level 2. and 7 sentences at physics. Similarly, it is likely that under.
level 3. Hierarchical level was included as a graduates attending the samt university are
variable in the data analyses to see whether roughly equivalent in verbal ability.
perceived importance was influenced by Procedure. The subjects were given one
level, and if this variable interacted with version of each passage. They were told to
sentence form (i.e., definition or fact). read each passage carefully, then rate the

Subjects. The novices were 24 under- importance of each sentence on a scale
graduates with 2 or 3 semesters of college from I (most important) to 5 (least impor.
physics. Novices with this level of physics tant). and then indicate the 10 most impor-
training were selected to ensure that the tant sentences in each passage. The in.
novice group had had enough exposure to structions for the rating task indicated that
"physics to have developed information- each rating should be used at least once.
type rules, but had not approached the ex- All of the sentences were rated, but only
pert level in training. The 24 experts had the ratings for the target sentences were
completed at least one year of graduate analyzed. The order in which the passages
study in physics. were read and the versions of the passages

Two control groups were also run in the received were counterbalanced.
experiment to see if expert-novice differ- The novice and the undergraduate con.
ences in the perceived importance of the trol groups were told that in completing the
target sentences were due to differences in tasks, they were to indicate which sen-
educational level (i.e.. undergraduate vs. tences they thought would be most impor-
graduate level training) as opposed to dif- tant to learn if they v. ere going to be tested
ferences in physics knowledge. The two on the passage content. The expert and the
control groups were selected so as to differ graduate student control groups were told
in their educational level in the same to pretend that they were teaching a course
manner as the two experimental groups. and indicate which sentences they thought
However, none of the control group sub- were most important for their students to
jects had taken any college-level physics, learn. These instructions match those used
so they were similar to each other in terms by. Dee-Lucas and Larkin 1986) in their
of their physics knowledge. The undergrad- initial research on expert-novice differ.
,ate control group consisted of 24 under- ences in perceived importance. The in.

graduates; the graduate student control structions were designed to compare what
group consisted of people who had corn- novices think they should learn with what
pleted at least I year of graduate training in experts (their instructors) think novices
the humanities or social sciences. Although should learn.
this group will be referred to as the grad-
uate student control, it included some post- Results
doctoral researchers and faculty. This was The data from the two dependent mea-
also true of the corresponding expert ex- sures were analyzed in several ways. The
perimental group. data from the ratings task were set up as a

Although the control groups were specif- frequency table and analyzed using a mul-
ically selected to control for educational tiway frequency analysis. This analysis fits
differences, they would also indicate differ- a loglinear model to categorical data. The
encvs in perceived importance due to age, loglinear model expresses the logarithm of
maturity, and verbal ability. In the case of the expected cell frequencies as an additive
verbal ability, it is reasonable to assume function of main effects and interactions, in
that graduate students in the social a manner similar to the typical analysis of
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variance model (Fienberg. 1980). For this was performed on each data Net. with group
analysis, the number of responses in each as a between subjects variable and sen.
rating category (I through 5) for each sen- tence type and hierarchical level as within
tence type (definition and fact) occurring at subjects variables. For the ratings data. this
each level (I through 3) was tabulated for analysis was performed on the mean rating
each of the subject groups. The multiway given to each sentence type at each level by
frequency analysis was performed on the each subject, For the sentence selection
total number of responses occurring in task. the analysis was perform-d en the
each of these cells.' mean proportion of sentences of each type

The data from the sentence selection selected as important from the three levels
task (i.e., select the 10 most important sen- by each subject. The results of these anal-
tences) consisted of an indication for each yses will be discussed only as they pertain
subject of whether or not each target sen- to the main finding of interest, the type x
tence was selected as one of the most im- group interaction. The means for this inter-
portant.2 Because the dependent variable action for the two dependent measures are
(selected/not selected) is dichotomous, the presented in Table 2.
data were analyzed using a logistic regres- Ratings data: Experimental groups. The
sion (Fienberg. 1980). The variables in- multiway frequency analysis of the ratings
cluded in the analysis were sentence type data indicated that the best-fitting model
(definition or fact), level (I through 3). and was a hierarchical model including the type
subject group (novice or expert). x group interaction and the main effect of

The data from the two control groups level (x2 - 23.80, df - 30. p < .78). The
were submitted to identical analyses. The ANOVA also indicated a significant type x
results of these analyses were compared to group interaction , F(1.46) - 6.95, p <
the results of the corresponding analyses of .01). The mean ratings predicted by the
the experimental group data to determine if loglinear model for the type x group inter-
expert-novice differences were also re" action are shown in Fig. Ia. The predicted
flected in differences between graduate means for the novices are 1.67 when the
students and undergraduates who had had sentence was in the torm of a definition and
no advanced physics training. 1.89 when it was in the form of a fact. For

The results from all of these analyses experts. the predicted ratings are 1.82 for
have been presented together in Fig. I in definitions and 1.79 for facts. The actual
order to show the consistency of findings means for this interaction are shown in
across dependent measures. Thus this Table 2. This interaction indicates that
figure is referred to repeatedly in the dis-
cussion of the results.

TABLE 2In addition to the analyses discussed MEAN •PORTANCE RATINOS AND MEAN
above, a 2 x 2 x 3 analysis of variance PRoPoaRboT0 oF TA.OEI" SENTENCES SELECTED AS

IMPORTANT FOR THE TYPE x GROUP INTERACTIONS
(EXPERIMENT I)

'There were 480 observations for both the novice
group and the undergraduate control group. In the ex- Experimental Control
pen group. one subject overlooked two sentences in goup. groups
performing the ratings. resulting in a total of 478 ob. Novice Expen Lndergrad Grad
servations for this group. In the graduate control
group, one sentence was overlooked, resulting in 479 ?AIs..aDefinition 1.66 1.$1 I..52 1.95
observations for this group. Fact 1.90 1.16 1.63 .042 It was assumed that the sentences that subjects Proportion
missed in performing the sentence ratings were also elected
overlooked In the sentence selection task. and these Definition .65 ,.1 .61 .48
three data points were excluded from the anailysis. Fact .45 .49 .44 .42
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Fio. 1. Comparisons of the judged impor*Anc of defintions anW facts (Experiment 1).

novices were influenced in their impor- not appear to base their ratings on sentence
tance ratings by the form in which the in. form; there is very little difference in their
formation was presented. They considered predicted mean ratings for definition and
the same content to be more important if it fact versions of the target sentencesl.
was stated as a definition as opposed to a The parameter estimates for the main cf-
fact. The experts. on the other hand, did fects and interaction for the complete
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TABLE 3 zero. Therefore. for all effects the magni.
PARAMETER ESTIMATES. STANDA/D ERRORS. AND tude of the parameter estimates for each

RATIO OF ESTIMATES TO STANDARD ERRORS FOR A variable are the same but in the opposite di-
LOOLINEAR MODEL OF THE RATINGS DATA FROM r

THE EXPERIMENTAL GROUpsI EXPERIMENT I rection. The ratios of the estimates to the
Ratio: standard errors indicate the degree to

St. com.. which the parameter estimates differ from
ErTect CoefT. Error St. Error zero.

'a) Group: Novice estmates Ietperr *%timateo .re oppostei The parameter estimates for the main ef-
Rate o .07 0 fect of group show little difference betweenRate .2 ,074 07.5 ,91
Rate 3 .0, 090 sc.0 the experts and novices in their use of the

Rae4.019 1I~ .1
Rafte .1.2 five ratings categories. The largest differ-
tb) Type: Definitionestimates tract ebtimates are oppolites ences occurred in the use of rating 5 ithe

Rate o.7 .067 1.0 lowest rating) and rating 3 (the middleRate .1 .082- .075 I,.10

Rate 3 .2.24 .0.0 :-.4 rating). The novices tended to use the
Rate 4 .06 ..46 rating 3 category more often than the ex-Rate 5 .O05 .192 .01

(o) Type x Group: Definition estimates (fact estimates perts (as indicated by the positive param-

Re am opposite)' eter estimate), while the experts tended to
Novice) .133" .02 2.0) use the lowest rating more often than the
Ex-p novices. This suggests that the expertsRate 2
Novice . .07$ 1.3o rated the target sentences lower in impor-
Expert (4.)tance than the novices.

Rate 3
Novice I .) .003 .061 .04 The parameter estimates for the main ef-
Expert -I fect of type indicate that the largest differ-

Rate 4
Novice 1 ) .014 .117 .12 ence occurred in the rating 3 category (the
Expert (-)

Rate middle rating). The neative parameter es-
Novice-1 .os0, .S ..0 timate indicates that this rating was used
Expert. +i L.vei more often with facts thin definitions.

Level I There were also smaller differences in the
Rate 1 .917" .121 7.57
Rate 2 .214 .135 2.59 use of the first two rating categories. with
Rate 3 -.4.4" .11. -2.46 the definitions rated I or 2 more often rela-
Rate 4 -. 304 .250 -. 09 tive to facts. This indicates that definitions
RateS. -. 173 ..35I - .49

Lc.eI2 weie rated higher overall in importance
Rate I -. 042 .110 -. 311 than facts.
Rate 2 .05! .120 .44
Rate .3 140 .1s .95 The type x group interaction estimates
Rate 4 165 .19% 86 indicate that the greatest differences be-
Rate 5 -.315 .320 -.96

LeeI 3 tween experts and novices in rating detini-
Rlt e. -W.5.5 .09 - .1 . tions and facts occurred in the first tuo
Race 2• -.,263 .104 -2.56
Rate 3 .3140 .12: :.46 rating categories. The novices were more
Rate 4 .339' .16 2.00 than experts to give a target sentence
Rate 5 .,•l ,25 I lielygiva rating of I if it was in the torm of a defini-
.V.w. Asteriks indicate coemfient- that differ from zero

by more than 2 standard rro tion. and somewhat more likely to rate it a
"Parameter estimates indicate the size of the effect: posai 2 if it was in the form of a fact. The oppo-

tive and neguate qmbolt rondgate the direction of the effect
for ea0h group. site was true for the experts. relative to the

novices.
Level had a very strong influence on the

model are shown in Table 3. Because of the target sentence ratings. as shown by the
usual constraints placed on the model, all large parameter estimates for this effect.
parameter estimates for each main effect Level I target sentences tended to be rated
and interaction are constrained to sum to as -most important. indicated by the large
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positive estimate for the rating I category. TABLE 4

The ratings for level 2 target sentences PARAMETIER ESTIMATES, STA14DAAo ERRORS. A-40

were spread over the categories without RATIOS OF Es~TMATIES TO STANDARD EnciORs FOR A
any trog custrin in ny ne atig-, LOOLINEARMMooss. OF THR RAMONS DATA FROM
any trog custrin inanyoneratng: THIICONTROLOGROUP5IExpositMENT 1)

none of the parameter estimates for level 2 Rto
sentences differed from zero by more than St. Cel.
two standard errors. Level 3 target sen. E fcI Cef Error St. Error
tences tended to be rated as 3 or 4 in im.
portance, indicated by the positive param. (a) Group: Undergrad estimates tired estimates

eters for these ratings categories, Level did Rate opoie
Rae .*130 .065 .9

not interact with type or group in in- Rate 2 .083 .074 1.12
fluencing the ratings (i.e.. including these Rate 3 - .070 .069 - .79
interactions reduced the fit of the model). Rate 4 - .3231 .337 -2.76

Ratings data:- Control groups. The mul- PBAR 5 - .010 .172 - .06
tiway frequency analysis or the control Lee Sb) Level
group data indicated that the best-fitting Ra* .6950 .105 6.63
model included only the main effects of Rate 2 .141 .119 1.18
group and level Q2 - 28.64, df - 40, p < Rate 3 -. 302 a356 -3.94
.91). The inclusion of the type x group in- Rate 4 - .492* .220 -2.24

teacino temanefec f ye eucd RateS5 -.042 .282 -. 13
teratio or he ain ffet oftyp redced Level 2

the fit of the model to the data set. The Rae .128 .1o: 1.25
type x group interaction was also not sig. Rate 2 .013 .358 .31
nificant in the ANOVA (F0l.46) n .24, p < Rate)3 .133 1537 .97
.63). The mean ratings predicted by the Rate 4 - .047 'in8 - .25
loglinear model with the type x group in- Rate 5 -. 226 .281 - 40

Level 3
teraction included are presented in Fig. lb Rate 1 - .82210 .09 -8.92
for comparison with the corresponding ex. Rate 2 - .134 .099 -5.56
perimental group means. The actual means Rate 3 .169 .119 1.42

are presented in Table 2. As Fig. lb shows, Rate 4 .539* .155 3.48
there was no difference between the under-. aeS. .6 2615
graduate and graduate controls in the influ. Note. Asterisks indicate coefficients that differ from
ence of sentence type on the mean ratings zero by more than 2 standard errors.
of the target sentences. Additionally, the
lack of a main effect of sentence type indi-
cates that the form in which the target sen- than the graduate controls. The opposite
tences were presented did not influence the was true for the rating 4 category. with the
control group ratings (i.e.. they did not graduates using this rating more often rela-
consider definitions to be more important tive to the undergraduates. This indicates
than facts). that undergraduates rated the sentences as

The parameter estimates for the loglinear more important overall than the graduate
model including the main effects of group controls. This effect is also apparent in
and level are shown in Table 4. The esti- Fig. l b.
mates for the main effect of group indicate The pattern of parameter estimates for
that the undergraduates and graduates dif. the main effect of level is similar to that ob-
fered primarily in their use of ratings I and tained with the experimental groups. Level
4. The Positive estimate for the undergrad- I target sentences were most likely to re-
uates for rating category I indicates that ceive a rating of 1. indicated by the large
they rated target sentences I more often positive parameter estimate for that rating.
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The ratings given to level 2 target sentences .01l. The predicted mean proportion of
were spread over the categories, with the target sentences selected for the type x
strongest clustering in the rating I category group interaction are sho~wn in Fig. Ic
(though this parameter estimate was much plotted on a logit scale. The actual means
smaller than the rating I estimate for level I are presented in Table 2. This interaction is
sentences). Level 3 target sentences were very similar to the type x group interac.
most likely to receive a rating of 4. with 3 tion obtained with the ratings data. It
as the next most frequent rating category shows that the novices were more likely to
for this level. select a target sentence as important when

Ratings data: Swnmary, The results of it was presented in the form of a definition
the multiway frequency analyses indicate than a fact, while the experts were rela-
that novices base their judgements of the tively unaffected by sentence form in their
importance of text information on the cate- selection of the important sentences.
gory membership of the content. They spe. The parameter estimates for the com-
cifically rate the same attributive informa- plete logistic regression model are shown in
tion as more important when it is presented Table 5. Unlike the estimates for the mul-
as a definition as opposed to a fact. as is tiway frequency analysis, the logistic re-
shown in Fig. Ia. Expert physicists are not gression estimates show the size of the dif-
influenced by category in rating impor- ference between the means for the two
tance. presumably basing their importance variables in an effect. Therefore only one
judgements on the nature of the sentence parameter estimate is presented for each
content. Similarly. the physics-naive con- main effect (two for the interaction) and the
trol subjects are not influenced by signaled ratios indicate the size of the difference be.
category membership, so that they appear tween the two variables in each effect and
to behave like experts in rating importance. interaction.
This can be seen in Fig. lb. This is most The negative estimate for the main effect
likely because these subjects have no of type indicates that subjects tended to se-
strong expectations about the relative im- lect more target sentences when they were
portance of definitions and facts in physics presented in the form of a definition. This
texts, and thus are not influenced by this is consistent with the main effect of type
text feature. The lack of a type x group found with the ratings data from the experi-
interaction in the control group data indi- mental groups. The estimate for the main
cates that expert-novice differences in the effect of group indicates little difference be-
perceived importance of definitions and
facts are not due to differences in educa-
tional level. TABLE .

PARAMETER ESTIMATES. STANDAR.D ERRORS. AND
Sentence selection data: Experimental ~RATos or ESTIMATES TO STANDARD ERRORS FOR A

groups. The sentence selection data were LOGISTIC REORESSION MODEL OF THE SENTENCE

analyzed using a logistic regression. The SELECTION DATA FROM THE EXPERIMENTAL GROUPS
regression analysis indicated that a good fit (EXPERIMENT 1)

to the experimental group data was pro- Ratio:
vided by a hierarchical model including the St. Coeff./
group x type interaction and the main ef- Effect Coeff. Error St. Error
fect of level (x2 - 8.69, df = 7, p < .28). Type -. 414 .099 -4.18
The regression model is the same model Group -. 186 .099 -1.88
found to provide the best fit for - ratings Type x Group .136 .099 2.38
data from the experimental g: ". The Definition(-)
ANOVA also indicated a signifi,.. type x Fact (-1016 08 -11.49
group interaction (F(1.46) - 1U.01. p <
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tv~een the experts and novices in the These means are bused on the model with
number of target sentences selected as im- the type x group interaction included,
portant. The negative estimate indicates The parameter estimates for the regres.
that the novices selected more target sen- sion model including the effect of group
tences than the experts. However, the pa- and the type x level interaction are pre.
rameter estimates for the two groups dif. sented in Trable 6. Unlike the experimental
fered by less than two standard errors. groups, level did not have a linear effect on

The type x group interaction estimates the number' of target sentences selected by
indicate that novices were more likely to the control groups. It was therefore entered

* select target sentences as important when into the analysis as a categorical (as op.
they were in the form of a definition rather posed to a linear) variable, and separate Pa.
than a fact. Relative to novices, the experts rameter estimates were obtained for each
were more likely to select the sentences level. The parameter estimates presented
when they were in the form of a fact. These for the main effect of level represent the
findings are shown by the negative estimate size of the difference between levels I and
for definitions and the positive estimate for 2, and levels 2 and 3. For the type x level
facts. .interaction. the parameter estimates indi-

The very large parameter estimates for cat. the size of the difference between defi.
the main effect of level indicates that this nitions and facts at each level.
variable had a strong effect on which target The negative parameter estimate for the
sentences were selected as important. The main effect of type shows that the control
negative estimate shows that target sen- groups were more likely to select a target
tences from the upper levels of the passage sentence when it was in the form of a defi-
hierarchy (level 1) were selected more nition than a fact. However, the type x
often than the target sentences from the level interaction indicates ;hat the effect of
lower levels (level 3). This finding is also type varied with level. The negative param-
consistent with the strong levels effect eter estimate for level I indicates that facts
found in the ratings data. As with the were selected more often than definitions
ratings data, level did not interact with sen- at the top level, while the positive param-
tence type or group in influencing sen- *eters for levels 2 and 3 show that defini-
tence selection. tions were more likely to be selected than

Sentence selection data: Control groups. facts at the lower levels. The predicted cell
The logistic regression for the control
group data indicated that the best-fitting TABLE 6
model was a hierarchical model including PARAMETER ESTIMATES. STANDARD ERRORS. AND
the main effect of group and the type x RATIOS OF ESTIMATES TO STANDARD ERRORS FOR A
level interaction (X2 - 1.78. 4f -5, p < LOGISTic REGREaSSION MODEL OF THE SENTENCE
.88). The inclusion of the type x group in- SELEXPEDAA RIMTE CNTRLG6s
teraction reduced the fit of the model to the ixEIET1

data. The ANOVA also indicated no type Ratio:
x group interaction in the data (F(1.46) - ESt. of. ro Stf. Ero

.13. p < .72) (see means in Table 2). Thus Efet Ce. fo S.Efr

there was no evidence that the importance TYPe - .220 .095 - 2.24
judgements of the undergraduate and grad- Type x Level - .3 -32Level .4 .9 -32
uate control groups differed in the degree Lee .014 .139 .10
to which they were influenced by sentence Level 3 .462 .140 3.30
type. This can be seen in Fig. Id. which Group - .590 .096 -6.02
shows the predicted mean proportion of Level
definitions and facts selected by the two Level 1-2 diff .476 .139 3,42
control groups plotted on a logit scale. Level 2-3 dlif 1.316 .140 9.40
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means for this Interaction are presented in not due to differences in educational lI~al,
Fig. le. Figure le shows that the main eof Sentence category did have some influ-
fect of sentence type is due primarily to a ence on the judged importance of sentence.,
very large sentence form effect at level 3. for the control groups, in that they tended
This finding suggests that subjects without to select more of the definition versions
physics training may tend to judge details than fact versions from level 3. Thus sub-
(low-level information) in physics texts as jects who do not have scientific back.
being more important when they are pre- grounds may be biased towards consid-
sented as definitions than facts. However. ering low-le'•el definitions as imporant.
this sentence type difference is based on
very few data points, as most level 3 sen- EXPERIMENT 2

tences were not selected as important. The Experiment I demonstrated that novice
mean number of sentences from level 3 se- importance rules are based on category
lected by the control groups were 2.3 for membership. and not content differences
the undergraduates and 1.6 for the grad- between categories. Novices specifically
uates. Additionally, this type x level inter- develop a rule that definitions are particu.
action was not found in the ratings data for larly important; as a result, they judge the
the control groups. Therefore, it is possible same attributive information as more im-
that this particular effect is not replicable. portant when it is presented in the form of a

The negative parameter estimate for the definition. The purpose of the second ex-
main effect of group indicates that under- periment was to replicate and extend these
graduates selected more target sentences findings by examining the influence of sen-
as important than the graduate control tence form on the judged importance of
group. This is consistent with the finding in quantitative relations.
the ratings data that undergraduates tended Quantitative relations are particularly
to rate the target sentences higher in im- important for understanding physics in that
portance relative to the graduate controls. they are central to solving problems. The

The positive parameter estimates for the ability to recognize problem-relevant quan-
main effect of level indicate that averaged titative information is essential for efficient
across sentence type. the number of sen- problem solving. However. quantitative re-
tences selected as important decreased lations vary in the manner in which they
with level. The size of the estimates show are presented in texts. They can be pre-
that the drop in the number of target sen. sented as equations. a form which explic-
tences selected as important was much itly signals the quantitative nature of the
greater between levels 2 and 3 than be- content. or they can be written out as
tween levels I and 2. This can also be seen verbal formulae. For example, the quanti-
in Fig. le. tative relation between a. b. and c. can be

Sentence selection data: Summary. The expressed as "a - b/c'" (an equation) or
results of the sentence selection task anal- written out as "a is equal to b divided by
yses are consistent with the findings from cv (a verbal statement).
the ratings data. Sentence category in- Efficient and accurate problem solving
fluenced the importance judgements of requires that the student identify those
novices, with novices selecting more target quantitative relations relevant to the
sentences when they were presented in the problem, regardless of the form in which
form of a definition (see Fig. Ic). Sentence they are presented. However. the results of
category had very little effect on the sen- research with uncontrolled passages (Dee-
tences selected '-v experts. There again Lucas & Larkin. 1986) suggest that novices
was no type x .'oup interaction in the may consider equations, like definitions, to
control group data. as shown in Fig. Id. in- be a particularly important category of in-
dicating that expert-novice differences are formation. That is. novices may have a rule

6- 2Z_
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that equations are particularly important Thus the informational content was iden.
(similar to their rule for definitions) which tical. and only the form in which the rela.
causes them to consider content presented tion was conveyed (i.e.. symbolic or
in equational form as "automatically" im- verbal) differed. There were two versions
portant. If so. this importance rule could of each passage. In one version. the odd.
have important implications for novice numbered target sentences were equations
problem solving performance. Novices and the even-numbered were verbal state.
could be biased in their assessment of the ments: in the other version this was re-
relevance of quantitative relations for versed.
problem solving depending on the form in As in Experiment 1. each of the target
which that information was presented. sentences was classified according to its

Experiment 2 explored whether novices level in the passage hierarchy. There were
develop a category-based rule that equa- 6 sentences at each of the first 3 levels in
tions are particularly importan: in physics the passage hierarchies. Level was in-
texts. This was done by comparing expert cluded as a variable in the data analyses to
and novice judgements of the importance determine if perceived importance was in-
of quantitative relations when they were fluenced by level, and if level interacted
expressed as equations or written out in with sentence form (i.e., equation or verbal
verbal form. The purpose of the experi- statement).
ment was twofold. First. it provided a repli- Subjects. The novices were IS under.
cation of Experiment I in support of the graduates who had completed 2 semesters
general finding that novices are influenced of college physics. The 18 experts had
by sentence form in judging importance. completed at least one year of graduate
Second, it extended this finding to a type of study in physics.
content which is central for problem Two control group, were again included
solving as well as text learning in physics. to determine if expert-novice differences

In the current study. experts and novices were due to differences in educational level
read passages containing target sentences rather than differences in physics knowl-
which presented quantitative relations as edge. The undergraduate control group
either equations or verbal statements. Sub. consisted of 18 undergraduates: the grad-
jects rated the importance of each sentence uate control group consisted of 18 graduate
on a 5 point scale, and selected the 10 most students who had completed at least one
important sentences from each passage. year of graduate study in the humanities or
The judged importance of the quantitative social sciences. None of the control group
relations expressed as equations and verbal subjects had taken any college-level
statements was compared to see if novices physics.
were influenced in their judgements by sen- Procedure. The procedure and instruc-
tence form. tions were the same as for Experiment 1.

Method Results
Stimulus materials. The two passages The data were analyzed in the same

were about fluid statics, and work and en- manner as the data from Experiment I.
ergy. Each was approximately 50 sentences Ratings data: Experimental groups. The
long and each contained 9 target sentences. multiway frequency analysis of the ratings
Examples of the equation and verbal forms data for the experimental groups indicated
of the target sentences are shown in Table that the best-fitting hierarchical model in.
lb. Symbols for quantities were used in cluded the type x group interaction and
both versions. but the relation itself was the main effect of level ()2 - 17.81, df -
expressed symbolically in the equation' 30, p < .96). The ANOVA also indicated a
form and written out in the verbal form. significant type x group interaction
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Fto. 2. Comparisons of the judged importance of equations and verbal formulae (Experiment 2).

(F(1,34) - 9.17, p < .01). Figure 2 shows pressed as an equation as opposed to a
the mean ratings predicted by the model for verbal statement. The predicted means for
the type x group interaction. Table 7 the novices were 1.44 for the equation ver-
presents the acutal means. As in Experi- sions and 1.92 for the verbal versions. For
ment 1, novices were influenced by sen- experts, these means were 1.61 and 1.68,
tence form while experts were not. respectively.
Novices considered the same information The parameter estimates for the com-
to be more important when it was ex- plete model are shown in Table 8. The esti-

S- 11
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TABLE7 1 ABLE 8
MEAN IMPORTANcE RATINGS AND MEAN PARAMETER ESTIMATES. STANDARD ERRoNS. AND

PROPoRTtON OF TARGET SENTENCES SELECTED AS RATIO OF ESTimATRis To STANDARD ERRORS FOR A
IMPORTANT FOR THE TYPEx GROUP INTERACTIONS LOOLINEAR M0DEL OF THE RATIAOS DATA FROM

(ExPERIMENT 21 THE EXPERIMENTAL 01ROVPS (ExmiuteNT 21

Experimenltal Corntrol Ratio:
groups grou~ps St. co~elff

_________Effect COWi. Error St. Error

_______ Novice____ expert___________________ Gr ad a Group: Novice estimates leapert eitimatits ame oppoutiel

Ratings Rate 1 -. 016 .011 -. 20
Equation 1.32 3.54 1.S7 1.11 Rate . .116 W06 1.19
Verbal III 3.63 1.6? 9 Rt .001 .123 .02

Proportion Rate 4 -.1117 .162 -1.03
selected Rate 5 .065 ..'a .42

Equation .84 .6$ '75 60 ibi Type: Equation estimates Iverbal estimates are Opposite)
verbal .49 .64 .63 .4 Rate I .297v .06) 3.60

____________________________ Rate 2 -. 354 .0W -1I.5
Rate 3 -1031 Alt9 _-.
Rate 4 -. 1" .11) -1.0
Rate !1 .093 .2"5 .46

mates for the main effect of group show fc Type x Group: Equation (verbal estimates ane opposkelo
little difference between experts and e"sIo) . . S

novices in their use of the different ratings. Noic 1- u
Novices had a slightly greater tendency to Rare 2Io. ~ .

use the rating 2 category relative to ex- Exper t I i
perts. while experts tended to use the Ro .07.3 2

rating 4 category more often, but the mag- Expert I,
nitude of these effects are not large (i.e.. do Novice1  - .182 1.46
not differ from zero by more than 2 stan- Experti I+t
dard errors). Ratie -3-.2 .05-1

The estimates for the main effect of type Expert i 4 L~e
show a large difference in the overall Lee Id ee
ratings of equations and verbal formulae. Rae 1 3.0651, .164 6.00
Equations were much more likely than Rae2-.236 -2W0 -1.06

Rae3-.Z33 .2149 -. %4
verbal statements to receive the highest im- Rate 4 -43 .417 -1.11
portance rating (rating 1), and somewhat Rat"It -.1531 .423 -.37
less likely to receive a rating of 2 and 4. Rput 1- .067 .135 -6
This indicates that equations were irated Rat 2.32 2.29
higher in importance overall than verbal Rate 4 - .2152 .3.13 .711
formulae. IWO 5 -. 170 148 4

The type x group interaction estimates Roo I _.M6' .1.12 -8.03
indicate that novices were much more RO2-.136 .139 _-.66

Rate .075 .172.44
likely to give a rating of I to equations than Rate 4 .7130 -:.7 0
verbal formulae. and somewhat more likely Rais 5 .325 .1.91 1.12
to give a low rating of 4 to verbal formulae Note. Asterisks Indicate coeffcients that differ from umo

thanequaion. Th oppsit wastrueforby more than 2 standard crem,.thaneqution. Te oposie ws tre fr 0Parameter estimatos indlicate the size of the effect. POOi.
experts relative to novices. fives and neepive symbols Indicate the direction of tie effect

The level parameter estimates again foiiecb MSoD.

show that level has a strong effect on
judged importance. Subjects tended to give Ratings data: Control groups. The mul-
level I target sentences a rating of 1, level 2 tiway frequency analysis of the ratings data
target sentences a rating of 2. and level 3 for the control groups indicated that the
target sentences a rating of 4. Level did not most appropriate model included the main
interact with type or group. effects-of type. level, and group Qx2
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23.40, df - 35, p < .93). The inclusion of TABLE 9
the type x group interaction in the model PARAMETER ESTIMATES. STANDARD ERRORS. k•D

RATIOS OF ESTIMATES TO STANDARD ERRORS FOR A
reduced its fit to the data set. The ANOVA LOOLINEAR MODEL OF THE RATINos DATA FROM
also indicated no type x group interaction THE CONTROL GaROUS IEXPERIMENT 2b
(F(0.34) = .24 .p < .62) (see means in Table Ratio:
7). Thus the effect of sentence form on St. Coeff.1
rated importance did not vary with level of Effect CoefW. Error St. Error
expertise. This can be seen in Fig. 2b, -

which shows the mean ratings predicted by aa Grout. Undersrad esumoapes (Irad estimatesare Opposite)
the model with the type x group interac- Rate I .280 .083 3.39
tion included. The difference in the ratings Rate 2 .;Is .099 .1s
of the equation and verbal sentence forms Rate 3 -. 301 .115 -2.63
did not vary with the educational level of Rate 4 -. 314* .135 -2.33
the control groups. Rate 5 -. 312 .3-40 - 1.30

The parameter estimates for the model Level I 1b) Lee

including the main effects of group. type. Rate 1 .482" .133 3.62
and level are shown in Table 9. The esti- Rate 2 .036 .162 .22
mates for the main effect of sentence type Rate 3 .09 .t72 .56
indicates that sentence form did influence Rate 4 -.213 .227 -. 94

Rate 5 -. 402 .417 -. 97the importance ratings of the control Level 2
groups. Equations were more likely to be Rate 1 -. 001 .250 -. 01
rated I and verbal formulae rated 2. This Rate 2 .067 .143 .47
can also be seen in Fig., 2b, which shows Rate 3 -. 100 .157 -. 64
that both groups judged information as Rate 4 .052 .193 .27

Rate S -. 019 .352 -. 05more important when it was presented in Level 3
the equational form as. opposed to the Rate 1 -. 482* .110 -4.37
verbal form. This was not the case in Ex-. Rate 2 -. 102 .133 -. 77
periment 1, in that the judged importance Rate 3 .003 .158 .02
of the target content did not vary when it Rate 4 .161 .179 .90

Rate 5 .420 .303 1.39was presented in the form of a definition or (c) Type: Equation estimates (verbal estimates
fact. are opposite)

The estimates for the main effect of Rate 1 .150 .078 1.92
group show that there were large differ- RWte 2 -. 18t .098 -1.84
ences between the two groups in their use Rate3 .008 .103 .09

ecsRate 4 .104 AM3 .79of ratings I. 3. and 4. The undergraduate Rate 5 -. 082 .220 -. 37
controls tended to rate the sentences either
very high in the importance (1) or very low Note. Asterisks indicate coefficients that differ from
in importance (4). while the graduate con- zero by more than 2 standard errors.

trols were more likely to use the interme-
diate rating (3).

The estimates for level show the usual data comparing the judged importance of
level effects. Subjects rated the top-level equations and verbal statements confirm
target sentences high in importance (rating the findings from Experiment 1. In both ex-
I). and low level sentences low in impor- periments, novices were sensitive to sen-
tance (rating 5). The ratings for level 2 sen- tence form while experts were not. Specifi-
tences did not tend to cluster in any one cally, when sentence information was sig-
rating category. naled as belonging to a certain information

Ratings data: Summary. The ratings category (i.e., definition or equation).

6-11W
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novices rated that content higher in impor- This raises the possibility that the
tance than when category membership was novices' importance judgements were also
changed to that of another category. This based on differences in typographical
"form effect" reflects novice rules re- format. rather than a rule that equations are
garding the importance of different types of more important than facts. However, as
content in physics texts, shown in Figs. 2a and 2b. the difference in

Unlike Experiment I. the control group the judged importance of equational and
data showed that physics-naive subjects verbal statements was much larger with
were also influenced by sentence form in novices than controls. If this difference
the presentation of quantitative relations, was due to general reading strategy alone.
There are two possible explanations fob' then there is no reason to expect the differ.
this sentence form effect in the control ence to be greater for people who are fa.
groups. First, there may be general rules miliar- with physics (novices) than people
formulated by the population at large re. who are unfamiliar (controls). The larger
garding the relative importance of different form effect for novices indicates that this
types of content in certain types of texts. effect is partially knowledge-dependent. It
Physics-naive as well as novice subjects suggests that novices specifically develop a
may consider equations to be particularly rule that equations are particularly impor.
important in this type of text. This suggests tant, and consistently judge equations ac-
that there may be a general consensus that cordingly.
equations are particularly important in The expert data show that- after exten.
science texts. Note, however, that this ini- sive physics training, subjects recognize
tial preconception about the importance of the importance of quantitative relations re-
equations is strengthened by a limited gardless of whether they are presented as
amount of physics training. The difference equations or verbal tormulae. and thus are
in the rated importance of the equation and not influenced by sentence form. The lack
verbal forms of the target sentences is of a type x group interaction in the control
much greater for novices than physics- group data again indicates that expert-
naive subjects (see Figs. 2a and 2b). novice differences are not due to differ-

It is also possible that differences in the ences in educational level.
spatial format of the equations and verbal Sentence selection data: Experimental
statements influenced the importance groups. The logistic regression for the sen-
judgements of the controls. The verbal tence selection data from the experimental
statements were presented as continuous groups indicated that the best-fitting model
text. while the equations were indented and was a hierarchical model including the
presented on a separate line. In general, type x group interaction and the main ef-
text information that is made distinctive is fect of level (2 - 10.32. 'f - 7. p < .17).
better recatled, presumably because it is This is the same model that accounted for
assumed to be important and therefore re- the experimental group data from Experi-
ceives more attention (Cashen & Leicht. ment I and the experimental ratings data
1970. Fowler & Barker, 1974: Glynn & Di- in the current study. The ANOVA also in-
Vesta. 1979; Lorch & Chen, 1986). Thus dicated a significant type x group interac-
the controls may have judged equation vet- tion (F(0.34) - 16.74, p < .01). The pre-
sions as more important because they were dicted mean proportion of target sentences
offset in the text. In this case. the form ef- selected for each group and type are shown
fect for control subjects would reflect a in Fig. 2c plotted on a logit scale. The ac-
general reading strategy of assuming that tual means are in Table 7. This interaction
spatially prominent text information was shows that novices are much more likely to
particularly important. select a target sentence as important when

6 -'.
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it is presented in the form of an equation as The most appropriate model for the logistic
opposed to a verbal formula. while experts' regression for the control group data was a
sentence selection is not influenced by sen- hierarchical model including the main ef-
tence category. This is consistent with the fect of group and the type x level interac-
results of Experiment I and the ratings data tion (XI - 7.02. df - 5. p < .22f, The in.
indicating that novices are influenced by clusion of the type x group interaction re-
sentence form. while experts are not. suited in a poorer fit of the model to the

The parameter estimates for the logistic data. The ANOVA also indicated no type
regression model are shown in Table 10. As x group interaction (M.34) a .01. p <
in Experiment I, these indicate the size of .91) (see means in Table 7). Thus the two
the difference between the means for an ef- control groups did not differ from each
fect. The negative parameters for the main other in their evaluation of the importance
effects of type and group indicate that of the equations and their verbal equiva-
summed across groups. equations were se- lents. This can be seen in Fig. 2d, which
lected more often than verbal formulae, shows the predicted mean proportion of
and that novices selected more of the target target sentences selected for the type x
sentences overall than the experts. group interaction, based on the model with

The type x group interaction estimates the interaction term included. Figure 2d
show that novices were more likely to se- shows that both undergraduates and grad-
lect target sentences as important when uate students picked equations more often
they were presented as equations as op- than verbal formulae. This is consistent
posed to verbal formulae. Relative to with the results of the ratings data (shown
novices, experts were more likely to pick in Fig. 2b).
sentences in the verbal form, as indicated The parameter estimates for the regres-
by the positive parameter for verbal for- sion model including the main effects of
mulae and the negative parameter for equa- group and type x level interaction are
tions, shown in Table 1I. As in Experiment 1.

The large negative parameter estimate level did not have a linear effect on the
for level replicates previous results indi- number of target sentences selected by the
cating that subjects are much more likely to control groups, and therefore was entered
select high-level sentences than low-level as a categorical variable in the analysis.
sentences as important. The parameter estimates show the size of

Sentence selection data: Control groups. the difference between levels. The type x
level parameter estimates indicate the size
of the difference between equations and

TABLE 10 verbal formulae for each level.
PAAAMETER ErtudATES. STANDARD ERRiOS. AND The parameter estimate for the main ef-

RATIOS OF ESTIMATES To STANDARD ERRORS FOR A
Loowsnc Reou~ezoN MODEL OF THE SnUNCZ fect of type shows that overall the controls

SELEcrIoN DATA rOm Tmz ExwmUaN,,. Oaours selected more equations than verbal for-
(ExnmPIRI 2) mulae as important. However. the type x

Ratio: level interaction indicates that the effect of
St. Coeff./ sentence form varied with level, with the

Effect Coeff. Error St. Error largest difference between sentence types

Type -1.100 137 -8.03 occurring at level 2. Figure 2e shows the
Group -. 530 .134 -3.96 predicted mean proportion of sentences se-
Type x Group .642 .136 6.19 lected for thik interaction. The preference

Verbal i +) for equations. n be seen at levels I and 2,
Equation l - .8 with little difference in sentence type selec-

Level -1.239 .126 -9.82 tion at level 3. Thus the general tendency
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TABLE 11 data fromn the sentence ielection task again
PARAMBIE ESTIMATES. STANDARD ERRORS.13 AND support the findings from Experiment I

RATIO$ of, ESTIMATES TO STANDARD ERRORS FOR A that novic~es are sensitive to Variations in
LOGISTIC RbomuSSION MODEbL OP THE SaNTtNCE snec omwe hs aitossgaSELECTION DATA FROM THE CONTROL GROUPS seeneorwhnhseaatnssna

IL~X~~tM5T ~,specific category membership. Novices
Rat judged the same quantitative relations as

St. COW-,. more important when they were presented
Effect COWU. Error St. Error as equations as opposed to being written
Typ _.W .1.0 -.. out in verbal form. Experts were not In-

Type x Level f luenced in their importance judgements by
Level 1 .262 .176 1,49 sentence form.
Level , - .642 A71 -3,82 As in the ratings data, the control sub.
Lel .390 .16 2.1% jects also considered the equational form of

Group -I6.V. . -6.,2 tSe target sentences to b more Iimpont.
IevII 1- dii 6o ,1 o o This effect was confined to the first two
Level 2-3 diof .sso .1ON 3,5U levels of the passage hierarchy in the sen-

tence selection data. This again could vine-
cate that physics-naive people also con.

for physics-naive subjects to consider sider equations to be particularly important
equations as important may occur pri. in science texts, or reflect the fact that
marily for higher-level text information readers tend to judge as important content
rather than text details. However, this in- emphasized by the spatial layout of the
teraction was not found in the ratings data text. As with the ratings data, the influence
and may in part reflect constraints imposed of sentence form was much greater for
by the limited choice (i.e.. pick 10) depen- novices than physic.nneive subjects im di.
dent measm. While many sentences were cating that this effect for novices is not
chosen from levels I and 2. relatively few solely based on differences in spatial prom-
sentences of any type were selected from inence.
level 3. Thovs the lack of a difference at
level 3 may be partly due to a floor effect. s Discussio l

The negative parameter for the main ef- The research reported here examined
fect of group shows that the undergrad- one aspect of novice knowledge represen-
uates tended to select more target son- tations-rulest for assessing importance in
tences as important than the graduate stu- unfamiliar scientific domains. The results
dents. This is consistent with the ratings confirm that novice importance rules iden-
data indicating that the undergraduates tifled in earlier research using uncontrolled
rated the target sentences more important materials are based on category member-
overall than the graduate controls. ship. and not content differences between

The two positive parameter estimates for categories. Novices consider the same sub-
level Indicate that the controls selected stantive information to be more important
more sentences ofn the higher levels than when presented as a definition (rather than
lower levels of the texts. The size of the a fact) and as an equation (rather than a
coefficients show that summed across sen- verbal phrase). Thus novices are sensitive
tence typos, the decrease between levels I to variations In sentence form when these
and 2 in the number selected was roughly variations indicate membership in partic-
equal to the decrease between levels 2 and ular information categories. This form emf-
3. This can also be seen in Fig. 2e. fect" is not seen In experts, and is either

Sentence selection data: Summary. The absent or attenuated in physics-naive sub-
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jects. Therefore the apparent form effect sifications of math and physics problemi
seen in experts with uncontrolled materials (Chi. Feltovich. & Glaser. 1981; Schoen-
reflect differences in content. not form- feld & Herrmann. 1982). Novices classify
when the content of different categories is problems on the basis of superticial charac-
held constant. experts judge the same in- teristics of the problems; experts classify
formation presented in different forms to be according to underlying principles used in
wi,.&valenw in terms of its importance. This problem solving: and subjects of interme-
iadicates that experts judge certain catego. diate expertise use both dimensions in their
ries as more important than others because classification systems (Chi et al., 1981).
these categories typically contain the type The current research suggests a similar
of content that is important for under- shift in the text features viewed as relevant
standing physics. Thus novices judge im- for assessin. importance. Novices consider
portance by the information category, the surface-level feature of category mem.
while experts judge according to content bership as pertinent to judging importance:
importance, which is correlated with cate- experts rely on a deeper analysis of the na-
gory in natural text. ture of the text content.

The naive control subjects in these The category-based rules developed by
studies were also relatively uninfluenced novices have important consequences for
by sentence category. and therefore ap- what novices learn from texts. Previous re-
peared similar to experts. This is most search has found that novices spend more
likely because they have few expectations time on information categories judged as
about what types of content are important important when reading physics passages.
in physics. Thus experts are not influenced recall more information from categories
by sentence category because their highly judged as important. and include more in.
refined knowledge allows them to assess format'on from these categories in their
importance on the basis of content: naive summaries or physic, texts (Dee-Lucas &
subjects are not influenced by category be- Larkin. 1986. in pres,,i. Thus these infor-
cause they lack the basic knowledge neces- mation-category rules appear to influence
sary to develop hypotheses as to what is novice readers' attentional processes
important in the domain, during reading. as well as the macrostruc-

These findings indicate that people just ture they develop for texts. The specific
beginning to learn about a content domain find~ings from the current research suggest
develop rules specifying what categories of that novices may be missing important
information are important in that domain, facts and quantitative relations, and at-
This suggests how a content schema might tending to some less important definitions
evolve in novice learners. An early stage in and equations when studying these types of
content schema development may be the texts.
specification of rules indicating what infor- Novice rules may also have implications
mation categories are important in the do- for novice problem-solving performance.
main. With increasing expertise. novices The finding that novices consider equations
could begin to differentiate the important to be more important than verbal formulae
and less important information within cate- suggests that novices may not readily rec-
gories, and thus move from a classification ognize quantitative relations as being rele.
system based on information categories to vant in a problem-solving situation when
a more differentiated expert knowledge this information is not presented in equa-
structure based on a deeper analysis of the tional form. Similarly. novices may be
nature of the category content. This type of more likely to attend to irrelevant quantita-
schema shift has been found in novice clas. tive relations when they are presented as
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Abstract

Technical texts often present scientific principles by first presenting a pwo of the prNpoe, Wk \Aly

stating the principle after the proof-a "proof-first" organization. This specialized text strocture

differs from conventional structures in that it does not provide readers with thematic Information to

guide their processing of the text. The current research examined the effects on comprehension of

this proof-first organization. This was done by comparing the processing of proof-first texts to that

of texts having the more conventional "principle-first" structure, in which the passage theme (i.e., the

principle) is stated at the beginning of the text. Readers found the principle-first structure easier to

process, and used it to summarize texts presented in both principle-first and proof-first structures.

Additionally, the principle-first structure enhanced Immediate and delayed recall of the principle. These

results are discussed In terms of differences in the processing requirements of these two structures,

and their implications for writers.
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Organization and Comprehensibility In Scientific Proofs,

or "Consider a particle p ..."

Theories of text processing suggest that reading comprehension Is facilitated by conventional

rhetorical structures. Readers can use their knowledge of these typical structures to organize and

anticipate the text content during reading (Mandler, 1978; Meyer, 1983; van Dljk & Kintsch, 1983).

Some common rhetorical structures include argument, comparison and contrast, problem and

solution, classification, procedural description, etc. Structures such as these are common to writing in

many different content areas, and hence are familiar to readers of varying backgrounds. However,

there are also specialized text structures used in organizing Information in particular content domains.

These Include, for example, the structure of legal documents (Danet, 1980) and scientific reports

(Vesonder, 1979). These structures are limited to certain topic areas, and hence generally unfamiliar

to most readers.

Specialized structures are first encountered by readers when first learning about a new domain.

Because of their unfamiliarity, these structures may make reading more difficult. A familiar structure

provides a known organizational framework within which to incorporate the text content. Once

readers recognize the form in which the content is being presented, they can simply match the

content to that organizational schema as they read. In contrast, when readers are not familiar with

the text structure, they must determine the text structure at the same time that they are trying to

understand the content itself. This additional processing may slow comprehension and interfere with

leaming.

The current research investigated the effects on comprehension of a specialized text structure

found primarily in science and mathematics texts. This organization is used to present principles and

their associated proofs. In presenting this type of content, it is common to present the proof prior

to the statement of the principle, a 'proof-firstw structure. That is, the text will present a hypothetical

situation and proceed to derive a principle or rule using the elements In that situation, with no Initial

statement of the principle to be derived. The proof thus serves as the Introduction of the principle-

the reader does not know what Is being proven until reaching the end of the proof. The logical

alternative to this common proof-first format Is an organization In which the principle is presented

prior to its proof, a 'principle-first' organization. With this organization, the principle Is stated and

then proven, so the reader knows in advance the goal of the proof. The research reported here

compared the comprehension of scientific texts having these two organizations by readers who are

unfamiliar with scientific materials (I.e., novices). Although the only difference between these two

structures is In Information order, there are several reasons to expect that novice readers would find

the scientific proof-first structure more difficult to process.
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First, the proof-first structure falls to signal directly the passage organization. There are typically

no explicit rhetorical cues Indicating that the text consists of a proof followed by a principle--the text

simply begins with the proof Itself (usually a description of the general setting, as in "Consider a

particle p .... Novices, who by definition have not frequently encountered this type of structure,

would not possess a text schema reflecting the structure of a proof-first text, That is, they would

have no way to recognize this type of Introduction as a signal for a proof-then-principle organization,

and therefore would be unable to anticipate the overall organization of the text,

Second, the proof-first structure does not provide novice readers with an initial means of

determining the main ideas of the passage. Without knowing the principle, the reader does not know

the point of the passage, or the direction that the proof will take. Several theories of prose

comprehension have emphasized the importance of having available early in a text, thematic

Information that can be used as a superordInate conceptual organizer for processing more detailed

text content (Ausubel, 1963; Bransford & Johnson, 1972; Kintsch & van Dljk, 1978; van Dijk &

Kintsch, 1983). For example, in the Klntsch and van DiJk text processing model, readers beginning a

text select an initial proposition to use as a superordinate for processing subsequent content. All

subsequent propositions are processed In terms of their relationship to this Initial proposition. In the

principle-first structure, the statement of the principle can be used as a superordinate concept to

which the proof is related In a subordinate manner. However, the proof-first structure does not

provide the reader with this Initial superordinate content. Although the reader knows the general

topic, the main point of the passage (the principle) is not presented until the end. Without knowing

the principle in advance, readers would have more difficulty organizing the Information around a

central idea as they are reading, and in particular may have more difficulty determining what is

Important (KIntsch & Yarborough, 1982).

The scientific proof-first structure would be expected to be difficult for novices to process

because it lacks structural and thematic cues. Additionally, the proof-first structure violates readers'

expectations as to how information should be ordered In a text. Readers expect Important

information to occur at the beginning of a text (Kieras, 1979), and in the proof-first structure the

most Important content (the principle) occurs last. The end of the text, however, Is the second most

likely location in which readers expect Important content to occur (Kieras, 1979). This observation

provides some empirical evidence that structures consisting of an argument leading up to a

conclusion, such as the proof-first structure, are not completely foreign to readers, even though they

are less common (Kleras, 1980b).

The three studies reported here contrasted the principle-first and proof-first organizations In

terms of their ease of comprehension for novice readers. This was done by constructing several pairs

of passages containing principle and proof information presented In-both organizations. To conform

¢..ft
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with other norms of scientific text, both versions began with an Informative title and paragraphs

Introducing the general topic. Thus the passages were not like those used in research examining the

effects of scrambled passages (Kintsch, Mandel, & Kozminsky, 1977; Kintsch & Yarbrough, 1982),

passages without topic sentences or clearly defined topics (Kieras, 1980b), or passages lacking titles

defining an ambiguous passage subject (Bransford & Johnson, 1973). Those studies used unnatural

texts in order to demonstrate specific text processing principles. In contrast, the purpose of the

current research was to compare the effects on text processing of two expository text organizations

that differ in information order and in familiarity of text structure. All passages clearly indicated the

subject matter and topic being discussed. The difference was whether or not knowledge of the

principle was available before reading the corresponding proof.

Three studies examined differences produced by these alternative text structures in novice

readers' attention, in their judgements of what Is Important, and in the organization of content in

summaries and passage recall. The first experiment examined effects on reading times and on the

organization of readers' text summaries. The second experiment examined differences in the

perceived importance of the Information, and in the ability of readers to predict what Is important as

they are reading. The third experiment Investigated differences in immediate and long-term recall of

text content.

ExrmentI
The purpose of the first experiment was to determine whether the two structures produce

attentional differences, and if novices use the more familiar principle-first structure preferentially in

their own summaries. Subjects having little knowledge of physics read physics texts presented in

these two Information orders while their sentence reading times were recorded. Afterwards they

wrote brief summaries of the passages. Reading times were examined to see if readers found one

organization easier to process overall, and if they attended to different types of information in the

two structures. The summaries were analyzed to determine whether readers tended to maintain the

original passage organization, or reorganize the text according to a preferred structure.
Metho-d

Maeials. Four target passages were constructed, each contalnlrkg a principle and a proof

segment. The passages were written so that the two main segments were Interchangeable; that Is,

the proof or the principle could be presented first. The passages ranged from 19 to 24 sentences in

length. Each passage began with an Introductory buffer paragraph (4 or 5 sentences in length)

Introducing the passage topic, followed by the principle and proof In the appropriate order, and

ending with a closing paragraph of 3 or 4 sentences,

The principle segment contained a statement of the main principle along with Introductory and

closing statements, for a total of 3 or 4 sentences. The proof segment was necessarily longer

c-S
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because it contained all the steps of the proof argument. The proof began with a few Introductory

statements describing the general setting (e.g., wAssume that there Is a liquid in equilibrium in a closed

cylinder that Is fitted with a piston..."). These were followed by the proof Itself, ending with a

statement of the principle (i.e., the result of the proof). This statement of the principle within the

body of the proof was considered to be the 'core" sentence of the proof in that it was the goal of

the proof. The proof segment was 10 or 11 sentences In length. Two of the passages included

diagrams with some of the proof sentences. Examples of the two versions of one of the passages

are shown in Table 1.

Insert Table I about here

Sublects. The subjects were 24 undergraduates who had completed no more than 1 semester of

college-level physics.

Procedure. The study was conducted in two sessions. In each session subjects read two practice

passages and two target passages. The order of presentation of the practice passages was kept

constant and the order of the target passages was counterbalanced. Each session alternated

practice and target passages, beginning with a practice passage. The passages were presented on a

VDT one sentence at a time. Subjects pressed a button to display the next sentence.

Subjects were told that they would be reading short passages about physics and then writing an

8 to 12 sentence summary of each. The summaries were to contain what they considered to be the

main points of each passage. After completing the reading of each passage (and before writing their

summary), subjects were asked to rate their prior familiarity with the passage topic on a scale from 1

to 5 (1 being very familiar). At the end of each session, subjects rated the individual sentences in the

target passages according to how familiar they had been with the content prior to reading the

passage. These ratings were to have been used in the analysis to control for within-subject variation

in prior knowledge of the passage Information. However, the inclusion of the ratings in the reading

time analyses did not alter the results, so these ratings were not used.

Result
The mean familiarity ratings for the four passages Indicated that one of the passages was much

more familiar to subjects than the others. The mean rating for this passage was 2.58 on the 1 to 5

scale (1 being very familiar). Preliminary analyses of the reading time and summary data Indicated that

this passage produced a data pattern qualitatively different from those of the other passages, which

had lower familiarity ratings. Therefore, the data for this passage were excluded and all analyses were

conducted on the data from the remaining three passages.
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Two of the target passages contained diagrams which were referred to In a total of three

sentences. Because the diagram Inspection time was confounded with sentence reading time and

could Increase the variability in reading times, the data for these sentences were dropped from the

analysis. With these omissions, the final data set contained 960 reading times.

Reading times: PrInciDle and Droof. The reading times were analyzed with a multiple regression

performed on the logarithm of the sentence reading times expressed In milliseconds. The variables

Included were experimental session (first/second), passage structure (principle-first/proof-first),

sentence type (principle/proof), number of words, passage, and the type x structure interaction. This

interaction reflects the hypothesized differential processing of principle and proof sentences

depending on the order in which they are read. Because the analysis was performed on the individual

reading times for each subject on each sentence, subjects were also included as a categorical variable.

The regression coefficients for this model, excluding the subject variables, are presented In Table 2.

Results Indicated that all effects were significant except the main effect of structure. Figure l a

summarizes the type x structure interaction. It shows (on a log scale) the reading times predicted by

the statistical model for sentences of average length in the passages (i.e., 24 words) and averaged

over session and passage. Figure la shows that readers spend more time on the same text content

when It is presented at the beginning of the passage. The principle-first organization results in more

time being spent on principle information; the proof-first structure produces longer reading times for

the proof. This suggests that Information Is more thoroughly processed when it is placed at the

beginning of a text.

Insert Table 2 and Flure 1 about here

The coefficient for the main effect of structure shows that readers spent about the same amount

of time on the sentences (averaged across principle and proof) In both structures. The coefficient for

type Indicates that readers spent more time overall on the sentences in the proof segment as

opposed to the principle. This result most likely reflects differences In syntactic and/or semantic

characteristics of the principle and proof Information. The passage coefficients indicate that the

overall reading time varied with the passage topic, with some passages being read faster than others.

The positive session coefficient shows that readers read the passages more slowly during the first

experimental session. Finally, the coefficient for words indicates that readers spent more time on

longer sentences.
Readlng times: Different Information types. The analysis described above compared reading

times for the two component text segments of Interest, the principle and proof. In order to

determine whether text structure Influenced the reading times for subsets of information within these
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larger segments, the tent content was divided Into four types: core principle sentences, core proof
sentences, Introductory Information, and non-core proof sentences. These were defined In the
following way.

'Core principle* sentences were located In the principle segment and expressed the principle
derived In the passage. There were one or two core principle sentences In each passage.

"Core proof" sentences were the goal statements of the proofs, equivalent In content to the core
principle sentences, but expressed In different words. There was one core proof sentence per
passage. In principle-first passages, the core proof was a restatement of the core principle statement
occurring earlier In the passage; In proof-first passages, the core proof sentence was the Initial
statement of the principle.

'Introductory' sentences contained non-substantive passage content. They either (a) Introduced
the principle (e.g., 'Pascal's principle was discovered In the seventeenth century by the French
philosopher, mathematician, and physicist, Bialse Pascal'), (b) served as a transl~on between the
principle and proof (e.g., 'This Is a necessary consequence of the laws of fluid mechanics, as shown
below'), or (c) provided background Information for the proof (e.g., 'Consider an arbitrary portion
of a fluid at rest.).

"Proof' sentences were the component sentences of the proof leading up to the core proof
statement (e.g., '. . . Because the fluid portion Is at rest, the upward buoyant force must exactly
balance the downward gravitational force. Therefore the buoyant force must be directed vertically
upward and be equal In magnitude to the weight of the fluid In V .. '.These consisted of all
sentences In the proof segment which were neither Introductory sentences nor the core proof
sentence.

Each principle segment consisted of the core principle sentences and Introductory sentences.
The proof segment consisted of Introductory sentences, proof sentences, and the core proof
statement. The total number of sentences falling Into these four categories (summed across
passages) were: core principle: 5; core proof: 4; proof: 18; and Introductory: 13.

A multiple regression analysis was performed on the logarithm of the reading times for sentences
falling Into these four categories. As before, the three sentences referring to figures were excluded
from the analysis. The variables Included sentence type (core principle/core proof/proof/introductory),
structure (principle-first/proof-first), passage, session, number of words, and the type x structure
Interaction for each of the four sentence types. Subjects were also included as a categorical variable.
The coefficients from the analysis (exciuding those for subjects) are presented in Table 3. The analysis
shows that passage structure had the greatest effect on reading times for the core principle
sentences. Figure lb summarizes the type x structure Interactions. It shows (on a log scale) the
reading times predicted by statistical model for sentences of average length (i.e., 24 words) and
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averaged over session and passage. The data for the two core sentences are grouped together for

comparison with the interaction for the complete proof and principle segments shown In Figure la.

Figure lb shows that readers spend more time on the core principle content when it occurs first.

This is also true for the core proof content, but the effect is smaller and less reliable. There was a

consistent effect for the non-core proof sentences, but in this case the effect was smaller than for

both core sentences, and also less reliable than for core principle sentences. There is no difference in

the amount of time spent on introductory content in the two passage structures, indicating that

readers are not influenced by information order when the content is not substantive text information.

Insert Table 3 about here

Summarlas. The 72 summaries (3 passages, 24 subjects) were scored according to whether

subjects included information from both the principle and the proof In their summaries, and if so,

whether they maintained the original passage structure or reversed the proof-principle order. They

were scored independently by two scorers to assess inter-scorer reliability. There was 94%

agreement on the passage structure scoring. A total of 12 summaries (6 for each structure) excluded

either the principle or the proof, and thus could not be analyzed for structural change.

The results indicated that when subjects Included both principle and proof Information in their

passage summaries, there was a much greater tendency to reverse the order of the content when It

had been presented in a proof-first structure. With the principle-first structure, 29 out of 30

summaries maintained the original passage structure. With the proof-first structure, only 5 of 30

summaries maintained the proof-first structure (25 summaries reversed the principle-proof order). A

chi-square on these frequency counts was highly significant (X2 -39.10, df=1, p<.001). This suggests

that readers find the principle-first structure more natural in that they overwhelmingly use this

structure, even when summarizing proof-first texts.

E, erJntL2
The results of the first experiment Indicate that the principle-first and proof-first structures result

In differential processing of the principle and proof Information. The goal of the second experiment

was to determine if these processing differences were due in part to differences in the perceived

Importance of the content. This would be consistent with previous research showing that readers

expect Important content to occur at the beginning of a text (Kieras, 1979).

In the current study, novices rated the Importance of sentences in experimental texts as they

were reading the passages (rating each sentence before reading the next sentence). After

completing the entire passage, readers were allowed to go back through the passage and revise their

ratings. The purpose was to determine how text structure Influenced (a) the perceived importance of
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sentences (as Indicated by the Initial Importance ratings), and (b) the ability of readers to pick out the

Important content as they read (as indicated by the numbar of rating revisions).
Method

Material Two of the four passages used in Experiment 1 were used In Experiment 2. Some

minor revisions were made in these two passages to reduce the overlap between the core principle

and core proof sentences. Each passage contained one core principle and one core proof sentence.

The passages were printed one line on a page so the subjects could rate the importance of each

sentence prior to viewing the information following that sentence.

Subjecs The subjects were 20 undergraduates who had completed no more than two semesters

of college-level physics.

Prcdre, The subjects were told that this study examined how people go about determining

what is important as they read. They were Informed that several passages would be presented, one

sentence at a time, and that they were to rate the importance of each sentence as it was presented

using a 5-point scale, (1 being most Important (i.e., a main point of the passage) and 5 being least

important (i.e., Information unrelated to the main points of the passage)). They completed the ratings

for four passages, two practice and two target, with one practice passage preceding each target.

passage. The practice passages differed greatly from the target passages in both content and

organization so as to' prevent subjects from noticing the structural manipulation in the target

passages. After they had completed ratings for the four passages, subjects were told that they

should go back through the two target passages and revise any ratings that they felt were inaccurate

based on their knowledge of the complete passage.

Resuts
Although subjects rated all sentences, sentences referring to diagrams were excluded from all data

analyses (as was done In Experiment 1). This was done to eliminate potential variation In judging the

importance of diagrams. One passage contained two sentences with diagrams and the other

contained one.
Principle and proof: Mean Importance ratings. The ratings for the principle and proof segments

were analyzed with a multiway frequency analysis with type (proof/principle), passage, structure

(proof-first/principle-first), and rating (original/revised) as factors. This analysis fits a loglinear model

to categorical data. The loglinear model expresses the logarithm of the expected cell frequencies as

an additive function of main effects and Interactions, in a manner similar to the typical analysis of

variance model (Flenberg, 1980). The analysis Indicated significant type x structure and structure x

passage Interactions. Because there was no significant difference between the original and revised

ratings, the analysis was rerun on just the original ratings. This was done in order to look at the

C -I



ot

Dee-Lucas & Larkin Organization & Comprehensibility

10

effect of information order on perceived importance during the reading of the passage, before

subjects had full knowledge of the passage content. Results again Indicated significant type x

structure and structure x passage interactions (X2 .5.52, df=10, p<.85). The coefficients for this

model are presented In Table 4. The finding of Interest, the type x structure Interaction, is summarized

by Figure 2a, which shows the mean ratings given to the principle and proof content presented In a

principle-first and a proof-first structure. These means for the principle content were 2.83 with the

prfrnciple-flrst structure and 3.02 with the proof-first structure. The corresponding means for the

proof were 2.64 (principle-first) and 2.54 (proof-first). Readers rated the same content higher In

Importance when it was presented at the beginning of the passage. This Is consistent with research

indicating that readers tend to expect the Important information to occur early In a text (Kieras,

1979). The structure x passage interaction was due to the fact that subjects rated sentences in the

principle.first version higher in Importance overall relative to the proof-first version for one passage

(M-2.53 for principle-first and 2.85 for proof-first), but the opposite was true for the second

passage (M-2.85 for principle-first and 2.48 for proof-first).

I Insert Table 4 and Figure 2 about here

Principle and oroof: Ratina revisions. The number of revisions made in the Importance ratings

were analyzed with a logistic regression including the variables o; type, passage, and structuro. The

analysis indicated that the best-fitting model included the main effects of type and structure, and the

type x structure Interaction (X2 .1.28, dfr4, p<.86). The regression coefficients for this model are

shown in Table 5. The type x structure Interaction is summarized by Figure 2b, which shows the mean

proportion of rating changes for principle and proof content presented In a principle-first and a

proof-first structure. The mean proportion of ratings changed in the principle segment was .32 with

the principle-first structure and .28 with the proof-first structure. For the proof segment, these

means were .24 with the principle-first structure and .39 with the proof-first texts. A greater

proportion of sentence ratings were changed when the text segment was presented first in the

passage. This suggests that there Is greater uncertainty as to the relative Importance of information

when It occurs early In the passage. Additionally, the main effect of structure shows that more

changes were made overall when the proof occurred first. The means for the main effect of structure

were .37 for the proof-first texts and .26 for the principle-first passages. This Indicates that readers

are better able to predict the relative Importance of sentences as they are reading with the principle-

first structure.

Insert Table 5 about here
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Different information types: Mean importance ratings. A multiway frequency analysis was also

run 3)n the sentences classified according to the 4-type scheme used In Experiment 1: core principle

sentences, core proof sentences, non-core proof sentences, and Introductory sentences. As with

the principle and proof data, the analysis Indicated no difference between the original and revised

data sets; therefore, only the data for the original ratings will be reported. The best-fitting model

Included the main effect of type and the structure x passage Interaction (X2.38.05, df-45, p<.76).

Sentence type did not interact with structure in this data set (I.e., the Inclusion of the type x structure

Interaction did not significantly Improve .the fit of the model). The coefficients for this model are

shown In Table 6. The mean Importance ratings for the four sentence types are: core principle: 1.58;

core proof 1.88; non-core proof: 2.28; Introductory: 3.45. Readers considered the core principle

sentence to be more Important than the core proof sentence, even though they stated essentially the

same Information in different contexts, suggesting that readers consider the principle to be the more

Important category of information (I.e., the principle Is judged more Important when presented as a

statement of the principle rather than the outcome of the proof). This Importance judgement could

partially account for why readers use the principle-first structure in summarizing both principle-first

and proof-first passages. If readers think that Important information should occur at the beginning

of a text, and consider the core principle to be the most Important Information, they would mention

the principle first when summarizing.

Insert Table 6 about here

The structure x passage Interaction indicates that readers rated the principle-first version of one

passage higher in Importance overall relative to its proof-first version; the opposite was true for the

second passage. The mean Importance ratings for the first passage were 2.52 for the principle-first

version and 2.85 for the proof-first version. These means for the second passage were 2.85 for the

principle-first version and 2.48 for the proof-first version.

Different Information types: Rating revisions. The number of ratings revised for the four

sentence types was analyzed with a logistic regression. There were significant effects due to type and

structure, with no interactions (X2 u16.92, dfr1 1, p<. 11). The coefficients for this analysis are given

in Table 7. The proportion of ratings changed are: core principle: .12; core proof: .20; non-core

proof: .36; Introductory: .33. Readers changed the fewest ratings for the core principle sentences,

indicating that they were able to accurately predict the Importance of this content as they were

reading. They thought that this was the most Important content as they were reading, and dId not

change this assessment after finishing the text. The next fewest changes were In ratings of the core

proof sentences, followed by the non-core proof sentences and Introductory sentences, both of

C- i;
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which had relatively high revision rates (about a third of the ratings were changed). As in the

previous analysis, the main effect of structure shows that more ratings were changed overall In the

proof-first than principle-first passages.

Insert Table 7 about here

The first two experiments showed that principle-first and proof-first structures produce

differences both in attention and in perceived Importance of the principle and proof content, with the

Information being judged as more Important and processed more thoroughly when It was presented

first. These studies also found that the principle-first structure was easier for readers to process (in

terms of being able to accurately predict Importance during reading), and that readers preferred to

use this structure when summarizing. The purpose of the third study was to determine whether these

processing differences and structural preferences are reflectd ;: taders' memorial representation of

the texts. In thls study, sutbjects read passages having the two contrasting organizations and then

completed a free-recall both immediately and after a ov'o-yeep delay. The recalls were examined to

determine whether men ory for the principle and proof information varied according to the manner in

which they v.ei presented. Additionally, the order in which the principle and proof were recalled was

analyzed to see if readers tended to recall the information in the preferred principle-first format, or in

an organization corresponding to that of the passage they read.

Mtril The materials were the same two passages used in Experiment 2. A minor change was

made in one of the passages to tighten up the logic of the proof and make it more cohesive.

Suis.ZL The subjects were 26 undergraduates who had completed not more than one semester

of college-level physics.

Procedure, The subjects were told that the purpose of the experiment was to determine what

types of information are easiest to understand in scientific texts. They were told that they would be

reading four short passages and taking a test on the contents of each immediately after reading each

passage, and that the type of test they received would vary with the passage. Subjects read two

practice passages and two target passages, with one practice passage preceding each target

passage. For the target passages, subjects were told to write down everything they could recall in as

dose to the original form as possible. The tests for the two practice passages consisted of multiple-

choice, matching, and short-answer questions. Different types of tests were used for the practice

passages so subjects would not expect free-recall tests and therefore try to memorize the passages.

--'13'
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Subjects returned one week later expecting to read four new passages, but were told to write down

everything they could recall from the two target passages that they had read the previous week.

Results
The free recalls were scored In the following ways. First, In order to determine whether subjects

reorganized the passages, the recalls were scored according to whether or not the subject had

recalled the gist of the principle and proof, and the order in which those two were recalled. Each

recall was first scored for full or partial recall of the principle and proof. If both were judged to be

recalled (either partially or in full), then the recall was scored for order in which these two were

presented. The recalls were scored by two scorers, and there was 97% agreement on whether the

principle and proof had been Included, and the order of recall.

Second, in order to look at the amount recalled from the principle and proof, each recall was

scored for the number of sentences and propositions recalled correctly and Incorrectly. A correctly

recalled sentence was defined as one In which all of the main propositions were recalled accurately.

Main propositions were defined as propositions expressing the main idea of the sentence. Partial

credit was given for recall of sentences having more than one main idea. To receive partial credit, the

subject had to recall all of the main propositions for at least one Idea. A correctly recalled proposition

was either recalled verbatim or recalled with substitutions that represented the gist of the proposition

elements. The free recalls were scored by two scorers to assess Interscorer reliability. There was 94%

agreement between the two scorers on the proposition scoring.

Evidence of structural reorcanizatlon. The results of the earlier summary data (Experiment 1)

iindlcated that novices find the principle-first structure more natural in that they prefer to use that

structure in organizing passage summaries. However, there was no evidence of structural preference

in the passage recalls. If subjects recalled information from both the proof and principle, they tended

to recall it in the same order in which it was read. This was true for both Immediate and delayed recall.

in the Immediate recalls, a total of 25 (out of 26) subjects recalled some Information from both the

principle and proof with the principle-first structure; only two reversed the Information order. For

the proof-first structure, 22 (out of 26) subjects recalled some content from both text segments and

three of these restructured the text. In the delayed recalls, for the principle-first structure, 15

subjects recalled some information from both text segments and three of these changed the

presentation order. For the proof-first organization, 11 subjects recalled both segments and one

changed the order. Chi-square tests on the number of recalls In which the order was changed and

unchanged with the two structures were not significant for either the immediate or delayed recall sets.

The free recall results indicate that when readers are asked to recall the passages in their original

structure, they are able to do this regardless of which of the two structures they have read. These

results indicate that readers have internal passage representations containing information about the
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original text structure. Thus it is not clear to what extent they reorganize proof-first material

Internally. It could be that readers store the content In its original form and reorganize when writing

a summary. Alternatively they may reorganize the content for storage but in some way tag the

internal representation with Information about its original structure.
Recall of prinalple and Rroof over time, Although It is not clear how structure influences the

organization of the text representation, structure does appear to effect the strength of the

representation, as indicated by whether or not principle and proof content dropped out of recall over

time. The recall data were examined to determine whether those subjects who were initially able to

recall the gist of the principle and proof were still able to recall this after the one-week delay, and the

extent to which the ability to this varied with the passage structure. The degree to which principle

and proof recall decreased over time was examined by looking at the proportion of subjects initially

recalling the principle and proof who did not recall it one week later (i.e., the number of subjects

recalling the principle initially minus the number recalling it at delay, divided by the number recalling it

initially). This ratio represents the percentage decrease in recall after a delay. This was calculated for

the principle and proof content for each of the two organizational structures. For the principle

segment, there was a 33% (8/24) decrease In gist recall with the principle-first structure, and a 58%

(14/24) decrease with the proof-first structure. The difference between these proportions is

significant (z=l.74, p<.05, one-tailed test). Thus there was a greater decrease in recall of the principle

with the proof-first structure. For the proof segment, there was a 64% (9/14) decrease in gist recall
with the principle-first structure, and a 65% (11/17) decrease with the proof-first structure. These

two proportions are not significantly different. The two structures thus produced differences in the

strength of the representation of the principle segment of the text; the gist of the principle segment

was more likely to be remembered over time with the principle-first structure.
Recall of the statements of the principle (the core sentencesi. In each passage the Information

that would generally be considered to be the most important to recall is the statement of the principle

Itself. The principle was presented In the two core sentences In each passage (the core principle and

the core proof sentences). In order to determine whether structure Influenced recall of this

particularly Important content, the number of subjects recalling these two sentences was examined
for both immediate and delayed recall for each of the two structures. These data were analyzed with a

multiway frequency analysis performed on the cell frequencies. The best-fitting model included the

main effect of session (immediate vs delayed recall) and the type x structure interaction (X2=5.51,

d066, p<.48). The coefficients for this model are presented in Table 8. The type x structure

interaction Is seen In Figure 3 showing the number of people recalling the core principle and core

proof sentences with the two structures. Figure 3 Indicates that recall of the principle was enhanced

by the principle-first structure, because this structure (relative to the proof-first structure) greatly

(__
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increased the probability of recalling the core principle sentence. With the proof-first structure, recall

of the core principle and core proof sentences were comparable to each other, and to core proof

statement with the principle-first structure. These effects did not interact with session, Indicating a

consistent pattern in the immediate and delayed recalls. This again shows that the principle-first

structure enhanced recall of the principle information.

The main effect of session reflects the fact that more people recalled the core sentences

Immediately than after a one-week delay. The coefficients for the main effect of type show that the

principle was recalled by more people than was the proof. The small coefficient for the main effect of

structure indicate that structure had little effect on the total number of subjects recalling one or both

of the core sentences.

Insert Table 8 & Fliure 3 about here

Amount recalled from principle and proof. The free recalls were scored for number of

propositions and sentences recalled correctly and Incorrectly. The number of recall errors was very

low. Subjects recalled Incorrectly an average of one proposition and less than one sentence per

passage. Because the number of errors was so low, the errors themselves were not analyzed.

Instead, analysis of variance tests (ANOVAs) were performed only on total recall and accurate recall

(total recall with errors excluded). Separate analyses were performed on the number of sentences

recalled and the number of propositions recalled. All significance tests on the means were done using

the Newman-Keuls test with p < .05.

The sentence recall data were analyzed with an ANOVA on the proportion of sentences recalled

from the principle and proof segments by each subject. The variables included in the analysis were

passage structure (proof-first/principle-first), sentence type (principle/proof), and session (immediate

recall/delayed recall). Separate analyses were performed on the total proportion of sentences

recalled, and the proportion of sentences recalled accurately. In both cases, the analyses Indicate a

main effect of session and a type x structure Interaction. Because the results of the two analyses

were Identical, only the accurate recall data will be reported.

The type x structure interaction (F(1,25)-6.82, MSe -.084, p<.01 5) reflected the fact that

subjects recalled more from the principle segment when It was presented first In the passage. This

Interaction Is shown separately for Immediate and delayed recall in Figure 4a. Significantly less

principle Information was recalled with the proof-first than prindple-first structure, but there was no

difference In the amount of proof content recalled with the two structures. Additionally, with the

principle-first structure, there was no difference in the proportion of sentences recalled from the

principle (M-.41) and the proof (M-.34). However, with the proof-first structure, subjects recalled

c__- W(,
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significantly less of the principle content (Ma.27) than the proof content (M..41), This type x

structure Interaction did not Interact with sessilon, Indicating that the effect persists over time, as

shown in Figure 4a. The main effect of session (F(1,25)=80.29, MSe u.029, p<.001) was due to the

fact that subjects recalled more Immediately (M..46) than after a 1-week delay (M,.25).

I .Insert Figure 4 about here

ANOVAs were also performed on the proportion of propositions recalled from principle and

proof sentences. Separate analyses were performed on the total proportion of propositions recalled

and the proportion of propositions recalled accurately. Both analyses indicated significant main

effects of session and structure, and structure x session and type x structure interactions.

Additionally, the accurate recall data set contained a significant main effect of sentence type. Because

the results of the two analyses were similar, only the accurate recall data will be presented.

The type x structure interaction in proposition recall (F(1,25).9.77, MSe =.025, p<.004) reflected

the same recall pattern as the corresponding Interaction in sentence recall. The mean proportion of

propositions recalled from the principle was .22 with the principle-first structure and .12 with the

proof-first structure. The proportion of propositions recalled from the proof was .19 with the

principle-first structure and .23 with the proof-first structure. As In sentence recall, subjects recalled

significantly more of the principle propositions when the principle was presented first. Additionally, a

significantly smaller proportion of principle than proof content was recalled in the proof-first

passages. This interaction did not vary with session, as shown in Figure 4b.

The main effect of structure (F(1,25)=4.58, MSe u.015, p<.0 4 ) was due to the fact that subjects

recalled more overall from the principle and proof paragraphs with the principle-first than proof-first

passages. However, the structure x session Interaction (F(1,25)=7.17, MSe -. 005, p<.01) Indicates

that this was only true in the immediate recalls. In immediate recall, subjects recalled significantly more

from the principle-first (M..28) than proof-first (M..22) texts, but overall recall with these two

organizations did not differ after a one-week delay (M..14 for principle-first; M=.13 for proof-first).

The main effect of session (F(1,25).79.04, MSG -.009, p<.001) was due to the fact that subjects

recalled more Immediately (M-.25) than after a week delay (M-.13). The main effect of type

(F(1,25).4.10, MS. -. 019, p<.054) was due to the fact that subjects recalled a greater proportion of

propositions from the proof paragraph (Mo.21) than principle paragraph (M-m.17).

Summary. The free recall data indicates that organization Influenced the ability to recall the

principle. Readers were more likely to recall the gist of the principle segment after a delay when they

had read the principle-first texts. Additionally, more readers recalled the core principle sentence with

the principle-first than proof-first texts, with no significant difference in recall of the core proof
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sentence. Finally, the amount of Information recalled from the principle portion ofth tex a

greater with the princlple-first structure. This latter effect In amount recalied was reflected in the data
In the following two ways.

First, readers recalled a greater proportion of the Information In the principle segment with the
principle-first than proof-first structure. There was not a significant difference In the amount recalled
from the proof with the two structures. Thus relative to the proof-first structure, the principle-first
structure enhanced recall of the principle and did not Influence the level of recall of the proof.

Second, a similar pattern Is seen In the relative recall of the two types of content (principle vs.
proof) within each structure. There was no difference In the proportion recalled from the principle
and proof segments with the principle-first text, but subjects recalled less principle than proof
content with the proof-first texts. Thus the proof-first structure decreased amount recalled from the
principle relative to the proof; recall of the two was equal with the princIple-first structure.

These effects are apparent both Immediately and after a delay. The only Interaction In the recall
data between time of recall and text organization occurred In the number of propositions recalled.
Subjects Initially recalied more Information overall with the principle-first organization, but this
difference disappeared after a delay. The fact that this interaction was not apparent In the sentence
data suggests that the locus of the effect Is In recall of the less Important content (i.e., Information
not considered to be part of the main Ideas of the text sentences). This Is Information that was not
considered In scoring for recall at the sentence level.

DiscUsnlon
This research examined the effects on text processing and recall of a specialized text structure

commonly used In science and mathematics texts to present principles and their associated proofs.
This was done by comparing the processing of this structure to that of an alternative organization
more typical of those found In expository writing. The results Indicate that these two structures
produce differences In how principle and proof content Is processed, organized, and recalled.
Processing Differences

Readers spend more time on the principle and proof Information when this content Is presented
first, suggesting that this Information Is processed more thoroughly when It occurs at the beginning
of a text. This finding Is consistent with serial position effects that are typically found In reading
times (Cirtlo & Foss, 1980; Graesser, Hoffman, & Clark, 1980; Haberlandt & Graesser, 1985; Olson,
Mack, & Duffy, 1981). This effect has been attributed to the fact that the beginning of a text usually
contains more new Information (e.g., new objects, concepts, terms) than the middle or end, and
encoding new concepts Into the text representation requires more time (Graesser, Hoffman, & Clark,
1980). Similarly, It has also been argued that this effect Is due In part to the fact that It Is easier to
Integrate successive sentences Into the reader's evolving model of the text topic as the model Is

.....................
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progressively refined (Haberlandt & Graesser, 1985). The serial position effect In reading times Is

almost certainly not a single effect, but the result of several different kinds of processing that occur

when a reader Is progressing through a text, The results of the current research suggest that the

extra processing time spent on the content at the beginning of a text Is due In part to (a) the

Increase In the perceived Importance of the content when It occurs first, and (b) the difficulty In

determining the precise relative Importance of beginning content.

Perceived Importance. Readers judged information to be more Important when It was presented

first. Thus the proof content was considered to be more important when in the proof-first structure,

and the principle content judged more Important in the principle-first structure. This finding is

consistent with research which has shown that readers assume that the information presented first

in a passage is particularly Important (Kieras, 1979, 1985). Readers use initial placement as an

indicator of Importance, and in particular expect thematic Information to appear in this position

(Kieras, 1980a). This effect of information order on perceived importance could be partly responsible

for the corresponding order effect found in the reading times in this research. Readers may have

spent more time processing the principle and proof when they occurred first because readers thought

the initially presented content would be particularly Important.

Ability to 2redict imoortance. This research also found that readers were less able to assess the

relative Importance of information when it was presented first. In the importance ratings task, more

ratings were changed (in both principle and -proof) when they occurred first, indicating that readers

were less able to predict the Importance of the beginning content. Therefore the additional time

spent on principle and proof content when they occur first may be due in part to readers' uncertainty

about the relative Importance of that content.

This is consistent with explanations of serial position effects in reading time that conceptualize

comprehension as a process of progressive model refinement (Haberlandt & Graesser, 1985). This

hypothesis assumes that readers begin with a general text topic and build a model of the text content

by relating subsequent information to that topic and thus gradually elaborating the model (Collins,

Brown, & Larkin, 1980). The model building processes occurring at the beginning of the text are

relatively demanding (the reader must activate relevant knowledge structures and establish new

structures), but Integrating new information Into the representation becomes easier as the

representation grows and there is more overlap between the new text content and the existing

representation (Habertandt & Graesser, 1985; Olson, Mack, & Duffy, 1981; Townsend, 1983). Thus

reading times are faster for information occurring later In the text because sentence integration is

easier.

The results of the current research Indicate that although readers expected the Initial content In a

passage to be Important, they had difficulty predicting Its precise Importance, presumably because
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they had only a rudimentary model for the text at that point (i.e., possibly a general idea as to the

topic based on the title and Introductory material). In contrast, when the content appeared later in

the text, the text representation was almost complete and the status of the content within that

representation was clear. Thus readers were better able to predict the Importance of content when it

appeared at the end.
Ease of comprehension. In addition to the processing differences found for proof and principle

content with the two structures, it was expected that novices would find the principle-first structure

easier to process overall. This is because it is a more familiar organization and provides the reader
with an Initial conceptual framework for processing the text. This expectation would be reflected in

main effects of organization on reading times and on readers' ability to predict Importance. The two

structures did not produce differences in overall reading times, but did produce differences in
predicting Importance. Readers had particular difficulty predicting the importance of Information with

the proof-first structure. There were more on-line sentence ratings changed after reading with the
proof-first than principle-first passages. This suggests that subjects are able to use the principle

(when it is presented first) as an conceptual framework and determine what is Important in the proof

by assessing its relationship to the principle. It is apparently less clear what is important in the proof

when the principle (i.e., what is ultimately being proven) is not known.
This finding is consistent with text comprehension theories emphasizing the role of superordinate

Information in guiding text processing. In the van Dijk and Kintsch (1983; Kintsch & van DilJk, 1978)
processing model, readers build text representations at several levels by generating or selecting from

the text Initial Information units which function as superordinates to which the subsequent
Information is linked. At a local level, readers attempt to relate Incoming propositions to a

superordinate proposition In a way that maintains the coherence of the text, and in this way form a
propositional textbase representing in detail all of the content of the passage. Simultaneously, at a

global level, readers try to generate a macrostructure representing the main points of the passage.

This is done by Inferring from the propositional textbase a set of macropropositions capturing the

passage gist. The ease of this gobal processing depends in part on cues Indicating what content

expresses thematic Information or provides Information from which thematic information can be

generated. One technique for facilitating this macrolevel processing is to Include eariy in the text

thematic statements presenting main idea information. These statements can then be used as a

superordinate framework guiding processing of subsequent Information (see van Dijk & Kintsch,
1983, pp 201-203 for discussion).

In the proof-first structure, there are few thematic cues facilitating macrolevel processing. The

overall stnrcture Is unfamiliar (so the novice reader does not expect certain types of content to occur

at certain places In the text) and there is no substantive thematic statement. Thus there Is little to

W_-e0
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guide the reader In constructing the text macrostructure, other than the title and general topic

information In the Introduction. Accordingly, readers are less able to assess the importance of

information as they are reading. With the principle-first structure, the text provides the reader at the

beginning with a thematic statement (i.e., the principle). This statement apparently facilitates readers'

ability to assess the Importance of the text content.

The relative inability of subjects to accurately predict importance with the proof-first structure

suggests that readers experience more confusion as they are reading, and thus find this structure

more difficult to process. However, there Is not direct emprical evidence for this hypothesis, as there

was no difference in overall reading time for the two passages. In general, research with passages

having structural variations similar to those in the current study has reported mixed results on

whether these structural differences influence reading times (Kieras, 1980a). There are several

reasons why an Increase In uncertainty might not be reflected In reading times In this study. It is

possible that the level of uncertainty about Importance produced by the proof-first organization was

simply not large enough to be reflected In reading times at the sentence level. Additionally, the effect

may have been localized to certain sentences In the text, and was therefore washed out by the

inclusion of all sentences In the reading time analyses.

It is also possible that the readers were not less certain as to the correctness of their ratings

while they were reading the proof-first texts, but changed their minds about the relative importance

of the content after reading the principle at the end, and thus did not experience more

comprehension difficulty as they were reading (i.e., they were confident of the incorrect ratings until

reaching the principle segment of the passage). However, this hypothesis would also predict an

Increase in processing time for the proof-first passage, in that readers would at some point realize

that they had assumed an Incorrect Interpretation, and reorganize their internal representation of the

text accordingly. This reorganization would be expected to add to the overall processing time for the

proof-first structure. Thus the lack of a difference In overall reading time does not support the

hypothesis that readers' were confident of their Incorrect ratings while reading the proof-first texts.

Information Oroanization

The summary data showed that readers' clearly preferred the principle-first structure, in that

almost all subjects used this organization In summarizing. This result suggests that readers thought

this organization was most appropriate for the passage content. This finding Is similar to that of

Klntsch, Mandel, and Kozminsky (1977), who found that subjects summarizing stories whose

paragraphs had been randomly reordered always restructured the stories Into a canonical ordering, so

their summaries matched those of subjects reading well-formed stories. The fact that subjects always

placed the principle first in their summaries suggests that novices thought the statement of the

principle was the most Important content In the passage. This was also Indicated by the ratings data

c -p t
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(i.e., the core principle statement was rated highest in importance independent of the passage

structure).

There are two reasons why the principle would be perceived by readers as the most important

text content, even when It occurred last. First, as noted earlier the principle statement provided a

superordinate conceptual framework for organizing the rest of the passage content. It is the only

statement In the passages that is related to all of the other content. Thus It is reasonable for subjects

to give this content primary status in text representation. Second, the principle Is the only

information in the passage that Is repeated. It he': been .-Piown that readers assume that repeated

information is particularly Important (Perfetti & Goldn a •, 19ý744 \

Although subjects restructured the proof first vasiv, ti•r summaries, they tended to

maintairt the original passage structure in their ý. i's, •e gn affor a oy'.,-week delay. Thus subje's who

recalled both principle and proof information ",'z.• ,paole of recai~inq the original 1.,•rm '1f Z,;'

passages when requested to do so. This indicates that orgatilzatiot, i alomia.;tion is present in novices'

Internal representation of the text. Therefore, it is not ýesr whether subjects reorganized the

passages Internally. They may store the textb•iie in 'ýs orir.!!-ra;m 1z .nd -zorganize it for purposes

of summarizing), or they may reorganize the tsxt:.. ss but t' s te ,'.ore9ntation as to its Initial

structure so this information is available when needed.

Recall of Principle and Proof Information

The processing differences resulting from the two structures Influenced memory for the pf iciple,

but did not affect recall of the proof. In the case of the proof, readers were just as likely to recall the

gist of the proof after a delay with the proof-first structure as with the principle-first structure.

Additionally, the amount recalled from the proof did not vary with text structure. Finally, the number

of readers recalling the particularly important core proof statement (i.e., the statement of the principle

as the outcome of the proof) did not differ for the two structures. Thus presenting the principle

before or after its corresponding proof does not substantially alter the Internal representation formed

for the proof, even though presenting the principle first facilitates the on-line processing of the proof

by Increasing its predictability.

The absence of a strong effect of structure on proof recall may be due to the fact that the proof

Is completely understandable as a stand-alone unit, and can be processed Independently of the

principle segment of the text. As noted earlier, the proof-first passages found In scientific and

mathematics texts are comprehensible to readers, but potentially difficult to process. Thus the proof

can be understood without the principle portion of the text. Therefore this content Is equally

memorable with both structures, even though Its processing may be facilitated by the principle-first

structure.

Ck-az.
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On the other hand, the text structure did affect recall of the principle portion of the text.

Readers were more likely to recall long-term the principle segment with the principle-first structure.

They also recalled more from the principle segment with this structure. Finally, the number of readers

recalling the core principle sentence (i.e., the statement of the principle) was greater with the

principle-first structure. Thus the principle-first structure facilitated recall of the principle portion of

the text, both immediately and after a delay.

These recall differences for the principle segment of the text could result from two processing

differences between structures. First, the facilltory effect of the principle-first structure on recall of

the principle segment of the text could be due to the fact that this structure permits readers to use

the principle as a conceptual framework for processing the text as they read. The summary data

indicates that readers with both structures ultimately give the principle primary status in their

macrostructure for the text. However, the principle-first structure allows readers to form this

macrostructure initially, while the proof-first structure requires that readers generate this structure

later in the reading of the passage. According to the Kintsch and van Dijk processing model, the

Information units that readers use as superordinates to guide their text processing are repeatedly re-

processed as readers try to relate subsequent text information to the superordinate concepts.

Because superordinate units are processed more often, they are better recalled (van Dijk & Kintsch,

1983, pp 44-45). Thus the principle may be better recalled with the principle-first structure because it

is processed more frequently (i.e., repeatedly held in working memory) as readers use the principle to

Interpret the proof.

Second, the enhanced recall of the principle segment with the principle-first structure may reflect

differences in the emphasis given to that segment due to the spatial contiguity of the core principle

and core proof statements in the two structures. In the proof-first structure, the principle segment

follows almost immediately the core proof statement of the principle, and therefore provides

Information redundant with that just read (i.e.,. the core principle statement is a restatement of the

core proof sentence). Readers may therefore simply view the principle segment as review material,

and not process it as thoroughly, such that less content is recalled from that segment and It is

forgotten over time. Thus even though the core principle statement Is viewed as Important with this

structure (in sentence ratings and summaries), it is not well-processed or strongly linked to the rest of

the passage in memory because it Is redundant with preceding content In the proof. The principle Is

therefore recalled as part of the proof, but not as a separate portion of the text in the principle

segment.

On the other hand, in the principle-first structure, the principle Is first presented as an

Independent unit, and then again as part of the proof at the end. Thus it may be processed more

thoroughly when presented as part of the principle segment because this Is Its first presentation.

C23
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Additionally, It Is reviewed again at the end of the text in the context of the proof, providing for

spaced review of the content. Therefore readers recall the principle both as an Independent unit, and

as part of the proof. The principle-first structure thus increases the probability of readers

remembering the principle because they are more likely to recall both presentations of the principle in

the text, recalling it as an independent fact and as the outcome of the proof.

The principle-first structure also resulted in subjects recalling more propositions overall Immediately

after reading the passage. However, this effect not found either In sentence recall or at delay. This

Indicates that the effect was localized to less Important text content (information not considered to

be central In the passage sentences). This suggests that the principle-first structure may have

provided readers with a tighter organizational framework which enhunced recall of content Incidental

to the main points of the principle and proof. However, because this content was not critical to

understanding the passage as a whole, it probably was not strongly linked to the rest of the passage

in memory, and was rapidly forgotten, such that overall recall was equal for both structures after a

one-week delay.
Summary

This research contrasted the processing and recall of two expository text structures which differ

in their schematic familiarity and In the availability of superordinate concepts for organizing on-line

text processing. The results indicated that novice readers find the specialized proof-first structure

less appropriate and more difficult to process. This organization also decreases the probability of

readers recalling the passage principle. These results suggest that the proof-first structure Increases

the difficulty of developing an appropriate text macrostructure, and results In a more fragmented

representation, such that the principle segment is poorly recalled.

The results of this research suggest that the structure used by a writer in presenting this type of

Information should depend on the instructional goals of the text. If the main goal is to have the

learner understand the principle, and the proof is provided as additional elaborative Information

designed to strengthen understanding of the principle, then the principle-first structure seems most

appropriate. This structure adheres to the writing recommendations suggested by text processing

principles, and, as Indicated by the current research, results in the desired learning outcomes.

Additionally, this structure corresponds to novices' view of how this type of content should be

organized, most likely because it Is consistent with writing conventions regarding the placement of

topic information. In this sense, it corresponds to an expository text schema that novices have for

this type of content.

Understanding the principle is the most common learning goal associated with this type of

scientific content, and is probably the goal that is most often associated even with proof-first

pa:sages In existing science texts. However, other goals are possible for which the proof-first
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structure might be more appropriate. One would be If the main topic of interest were the

methodology underlying the proof; another would be If the logic behind the proof were of most

concern. In these cases the nature of the proof would be of greater interest than the specific

principle. Thus a structure analogous to an argument leading up to a conclusion would be most

appropriate in that it would focus attention on this content. However, the current research Indicates

that in these cases, providing an informative Introduction to the proof containing appropriate

orienting information would help readers process texts having this type of structure.
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Table 1

Sample Passage Showing a Proof First and Principle First Organization

Archimedes' Principle -The Buoyant Force

Buoyancy Is a familiar phenomenon. For example, a body seems to weigh less when It Is immersed In water
than when It Is surrounded by air. This Is due to the buoyant force exerted by the water on the Immersed
body. The water exerts pressure on the body's surfame causing an upward force on the bottom and a
downward force on the top of the object. Because the pressure Is greater at greater depths, the upward
force. will be greater and the resultant force will be an upward or "buoyant" torus.

[Continuation of proof-fIrst version] (Continuation of princlple-first version)
Consider an arbitrary portion of a fluid at rest. This A very simple expression for determining the
portion of fluid occupies a volume Vwith a surface magnitude of a buoyant force was discovered by
S. (Diagram showing a labeled voiume V with Archimedes over 2000 years ago. Archimedes'
surface area S). This fluid volume V Is held at rest princIple states that the buoy ant force 8 exerted on
by the forces exerted by the remainder of the fluid an object Immersed In a fluid Is
on the surface S. (Diagram chowing arrows aPg
directed from the surrounding fluid towards the Bhr V Is tevglm, fadslae ooeeu
volume V.) Because the fluid portion Is at rest, fth werVlaevouefadiladhmgnos
upward buoyant force must exactly balance the fluid of density p. and g Is the gravitational
downward gravitational force. Therefore the constant. This result can be deduced from the laws
buoyant force must be directed vertically upward of fluid statics, as shown below,
and be equal In magnitude to the weight of the fluid
In V. Assume that we now replace the fluid Inside V Consider an arbitrary portion of a fluid at rest. This
with an object of the same shape and size. The portion of fluid occupies a volume Vwith a surface
pressure at every point on surface S Is exactly fte S. (Diagram showing a labeled volume V with
same as before; the buoyant force exerted on the surface area 8). This fluid volume V Is held at rest
body by the surrounding fluid Is unaltered. The by the forces exerted by the remainder of the fluid
buoyant force must therefore be equal to the weight on the surface S. (Diagram showing arrows
of the displaced fluid. The weight of the displaced directed from the surrounding fluid towards the
fluid Is the gravitational constant g times the mass, volume V.) Because the fluid portion Is at rest, the
pV, where p Is the density of the fluid. Thus, fth upward buoyant force must exactly balance the
buoyant force on the object Is equal to the product downward gravitational force. Therefore the

buoyant force must be directed vertically upward
PVg. and be equal In magnitude to the weight of the fluid

This Is Archimedes' principle for finding th. In V. Assume that we now replace the fluid Inside V
magnitude of a buoyant force. with an object of the same shape and size. The

pressure at every point on surface S Is exactly the
This very simple expression for determining the same as before; the buoyant force exerted on the
magnitude of a buoyant force was discovered by body by the surrounding fluid Is unaitered. The
Archimedes over 2000 years ago. Archimedes' buoyant force must therefore be equal to the weight
principle states that the buoyant force 9 exerted on of the displaced fluid. The weight of the displaced
an object Immersed In a fluid Is fluid Is the gravitational constant g times the mass,

B-p Vg, pV, where pIs the density of the fluid. Thus, the
where VIs the volume of a displaced homogeneous buoyant force on the object Is equal to the product
fluid of density p, and g Is the gravitational PPn F
constant. This resuit can be deduced from the laws This Is Archimedes' principle for finding the
of fluid statis, as shown above. magnitude of a buoyant force.

A body whose average density Is less than that of a liquid's density can float partially submerged In the
id. Such a body sinks until its weight Is balanced by the buoyant force. According to Archimedes'

prciple, this buoyant force Is equal to the weight of the displaced liquid. Hence the weight of the displaced
liquid Is equal to the weight of the floating body.

on~~~~~~~~ th ufc 9 Darmsoig•rw -pVg
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Table 2

Regression Model of the Log of the Sentence Reading Times (Milliseconds) 1

Intercept 3.350
Session .066 .015 .093 .001
Words .022 1001 .643 .001
Passage

Passage 1 .038 .010 .099 .001
Passage 2 .029 .011 .082 .006
Passage 3 -.067 .010 -.186 .001

Structure -.026 .017 -.043 .119
Type -.124 .023 -.178 .001
Type x Structure .101 .032 .112 .002

1R2 .. 51; multiple R m.71



Table 3

Rsgrossion ModeI of the Log-of the Sentence Reading Times (Milliseconds)2

Vral oErro AaL fti QgL P-aua

Intercept 3.430
Session .056 .014 .093 .001
Words .017 .001 .488 .001
Passage

Passagel1 .047 *. .010 .123 .001
Passage 2 .012 .011 .033 ..253
Passage 3 -.059 .010 -.165 .001

Structure .013 .017 .022 .436
Type

Core PrinclpIe, -.053 .026 -.084 .038
Core Proofr .023 .024 .037 .334
Non-core Proof .103 .015 . .224 .001
Introductory -.073 .021 -.148 .001

Type x Structure
Core Principle .111 .031 .124 .001
Core Proof -.059 .034 -.066 .082
Non-core Proof -.037 .021 -.061 .087
Introductory. -.015 .023 -.022 .525

2R2 ms.54; mu~iitpR m.74
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Table 4

Loglinear Model of the Immediate Sentence Importance Ratings

-Variabl IL Err Ceff./St, Z

(a) Structure: (Principle-ist estimates)
Rate 1: .071 .101 .70
Rate 2: -.216 .126 -1.71
Rate 3: .116 .102 1.14
Rate 4: .002 .109 .02
Rate 5: .026 .136 .19

(b) Type: (Principle estimates)
Rate 1: .047 .100 .47
Rate 2: -.461 .123 -3.74
Rate 3: -. 123 .101 -1.21
Rate 4: .113 .103 1.10
Rate 5: .424 .130 3.26

(c) Type x Structure: (Estimates for proof in principle-Ist structure)
Rate 1: .099 .099 1.00
Rate 2: -.156 .124 -1.26
Rate 3: .273 .101 2.69
Rate 4: -.050 .104 -.48
Rate 5: -.167 .130 -1.28

(d) Passage: (Passage 1 estimates)
Rate 1: .053 .090 .59
Rate 2: -.085 .089 -.95
Rate 3: -.050 .085 -.59
Rate 4: .200 .097 2.05
Rate 5: -. 118 .132 -.89

(e) Structure x Passage: (Estimates for proof in passage 1)
Rate 1: .036 .088 .41
Rate 2: .357 .089 4.01
Rate 3: .073 .084 .87
Rate 4: -.167 .097 -1.71
Rate 5: .300 .133 -2.26

.- 31
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Table 5
Logistic Regression Model of the Number of Revised Sentence impotnce Rating

Type: .035 .115 .30
Structure: .135 .115 1.17
Type x Structure:. .215 .115 1.ý88

3,



Dee-Lucas & Lardn Organization & Comprehensibility

32

Table 6

Logllnear Model of -the Immediate Sentence-Importance Ratings

Waadu2 golf 6EuZ CoeU.2L E=,~

(a) Type:
Rate 1: Core Principle 1.038 .206 8.05

Core Proof .634 .215 2.95
Non-core Proof .109 .158 .69
Introductory -1.781 .226 -7.89

Rate 2: Core Principle -.271 .279 -.97
Core Proof -.009 .265 -.03
Non-core Proof .616 .162 3.79
Introductory -.336 .172 -1.95

Rate 3: Core Principle -.473 .292 -1.62
Core Proof .039 .250 .16
Non-core Proof .109 .171 .64
Introductory .325 .159 2.04

Rate 4: Core Principle -.422 .344 -1.23
Core Proof -.293 .322 -.91
Non-core Proof .026 .201 .13
Introductory .688 .183 3.76

Rate 5: Core Principle .128 .405 .32
Core Proof -.372 .463 -.80
Non-core Proof -.059 .333 -2.58
Introductory 1.103 .239 4.62

(b) Structure: (Principle-ist estimates)
Rate 1: .037 .088 .42
Rate 2: -.074 .087 -.85
Rate 3: -.016 .082 -.20
Rate 4: .024 .096 .25
Rate 5: .030 .126 .24

(c) Passage: (Passage 1 estimates)
Rate 1: .050 .087 .58
Rate 2: -.083 .087 -.956
Rate 3: -.049 .083 -.59
Rate 4: .191 .095 2.01
Rate 6: -. 109 .126 -.87

(d) Structure x Passage: (Estimates for principle-i t structure in passage 1)
Rate 1: .031 .087 .36
Rate 2: .341 .087 3.92
Rate 3: .067 .083 .80
Rate 4: -.163 .095 -1.72
Rate 5: -.275 .126 -2.19



DOO- A aaUwcof

I 331

Table 7
Logistic Regression Model of the Number of Revised Sentence-importance Ratings

Vadable Coaff CL QfaU11sL Z=

Type
Core Principle: -.800 .377 -2.12
Core Proof: -.236 .325 -.72
Non-core Proof: .585 .195 3.00
Introductory: .450 .196 :2.30

Structure: .249 .101 2,48,
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Table 8

Loglinear Model of the Number of Subjects Recalling the Core, Sentences

Variable a AL +t = rror E=

(a) Session: .376 .079 4.76
(Immediate recall estimates)

(b) Structure: .057 .077 .74
(Principle-lst estimates)

(c) Type: .188 .077. 2.44
(Principle estimates)

(d) Type x Structure: .257 .077 3.33
(Estimates for principles
In prlnc.ple-lst structure)



De-.Lucas & Larkln ... Orgi, zation&Coprehenslabll.y

35

Figure Captions

Figure 1. Estimated sentence reading times for type by structure interactions. (a) Principle
and proof segments. (b) Core principle, core proof, non-core proof, and introductory
sentences.

Figure 2. The type x structure Interactions in the ratings data. (a) Mean Importance
ratings. (b) Proportion of ratings changed.

Figure 3. Number of readers recalling the two core sentences.

Figure 4. The type x structure Interactions in amount recalled. (a) Proportion of sentences
recalled. (b) Proportion of propositions recalled.
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Equations in Proofs

Abstract

Scientific laws are typically presented with their corresponding proofs to justify their correctness and

to Illustrate useful reasoning techniques. The form of these proofs Is commonly a series of logically-

related equations. This research examined how this equation-based format influences proof

comprehension. Yt'i was done by comparing readers' ability to solve problems after studying typical

equation-based proofs ard matching proofs with equations replaced by verbal equivalents (a verbal

format). The cquavon- based format hindered proof comprehension by both reducing the

comprehensibility of -quantitative relations and decreasing attention to non-quantitative content.

There was, however, no evidence that the deeper understanding of the proof provided by the verbal

format Influenced comprehension of the principle. The discussion addresses the role of proofs in

scientific texts and how proofs should be presented.
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Equations In Scientific Proofs: Effects on Comprehension

A major goal of Instruction in science and mathematics Is to teach fundamental laws and

principles, and to provide an understanding of why these laws hold true. In support of this goal,

students are often given proofs substantiating the relations summarized by a law that can be logically

derived from other information. The proof format typically consists of a hypothetical situation (e.g.,

some objects in a general experimental setting) in which some variables are changed, and consequent

changes in other variables are derived (e.g., how the temperature of a gas changes with an increase

in external pressure). The relationships among these changes are often expressed as a series of

equations. The initial equation expresses the relations among objects in the experimental setting;

subsequent equa;ions show how these relations are altered with changes in the values of different

variables. These intermediate equations lead up to a final equation expressing the general principle.

Thus the form of the proof is commonly that of a series of equations, each one following logically

from the preceding one.

Proofs are typically equation-based because equations are a convenient and economical form for

expressing relationships. The alternative, describing relations through written statements, is more

cumbersome to process and more costly in terms of space. Furthermore, it is not always feasible to

express complex relationships as written statements. However, there may be learning consequences

associated with the conventional equation-based proof format. It has been shown that equations are

given special status by readers studying science texts. Novices (i.e., people who are not familiar with

scientific material) tend to automatically assume equations are Important and thus devote extra effort

to learning equations (Dee-Lucas & Larkin, 1988a,b). This tendency to focus on equations could

result in learners processing Individual proof equations In Isolation without trying to determine why

one equation folk-, :'om another, and therefore missing the logic behind the proof.

The purpos e present research was to determine how the use of equations in proofs

influences readerve understanding. This was done by comparing novices' ability to solve problems

after studying equation-based proofs and proofs written out In verbal form. If equations disrupt

learners' processing of proofs, then they should be less able to use proof content to solve problems

when the proof uses equations instead of verbal statements. This effect would Indicate that although

the equatloni-based proof format Is practical and economical, it poses some processing difficulties for

learners.

For this experiment, an equation-based and verbal version of each of two passages were written.

Both versions began with a paragraph stating the principle, followed by a proof of that principle. The

principle was Identical in each version, with the oroof varying In the form. in the equation version,

the proof consisted of the traditional series of related equations. In the verbal version, all equations

wore translated Into equivalent verbal statements.
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solving for a quantity. Performance was compared for the two versions to determine how the

equatlon-based and verbal formats affected learners' understanding of the text, as indicated by their

ability to use the information solve problems.

Stimulus Materials

The two passages presented Pascal's principle and the equation of continuity. They were 21 and

25 sentences in length respectively. Each passage Included one diagram. The equation-based and

verbal versions of one passage are presented in Appendix A.

The problems for each passage tapped threq abilities: (1) direct application of the passage

content, (2) transfer requiring subjects to apply the information in a new way, and (3) application of a

premise or relation appearing in the proof. The following paragraphs describe these problem types

more completely. Each problem-type category contained questions asking for the following kinds of

responses: (1) predict how a variable will change, or (2) find the value of a quantity.

Direct application. These questions required straightforward application of the principle to a

sWtuatlon similar to that presented in the text. There was a direct mapping between the problem and

the passage so subjects could simply match problem elements to elements presented in the text.

Therefore these questions did not require subjects to have a deep understanding of either the proof

or principle. For the prediction problems, subjects were to indicate the relative values of two

variables, or Indicate how one variable's value would change with a change in the value of a second

variable (e.g., increase, decrease, or remain the sameý. There was one prediction problem In this

category for each passage. For the value-finding problems, subjects were to solve for the new value

of a variable. There was one value-finding problem for Pascal's principle and none for equation of

continuity.

Transfer These problems Involved situations that differed perceptually from those In the original

text (e.g., a differently shaped container of liquid) and/or dealt with a variable not explicitly

addressed in the text (e.g., using Pascars principle to find the pressure on the bottom of a tank of

liquid, as opposed to a point within the liquid). Thus these problems required a more thorough

understanding of the passage. Although they could be answered solely on the basis of the statement

of the principle, the proof reinforced the understanding of how the principle could be applied In these

transfer problems. The prediction problems involved predicting changes in variables. The value-

finding problems required subjects to actually solve fir a new value. There were three prediction and

three value-finding problems of this type for Pascal's principle, and one prediction and value-finding

problem for equation of continuity.
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Proof. These problems required knowledge of premises or relations appearing in the proof (e.g.,

an equation for calculating a component variable In the principle, or an expression of an assumption

crucial for the proof). Thus these problems tested for understanding of the proof alone. There were

three prediction problems and one value-finding problem of this type for each of the two passages.

It was not feasible to develop an equal number of each problem type for each passage due to

differences in the nature of the content in the two passages. There were 12 prediction problems (5

for the equation of continuity; 7 for Pascal's principle) and 7 value-finding problems (2 for the

equation of continuity; 5 for Pascal's principle). For each passage, subjects were given three

hypothetical situations and answered the prediction and value-finding problems based on those

situations. The question set used for one passage is presented in Appendix B.
Subjects

The subjects were 40 undergraduates who had not completed more than one semester of college-

level physics. This level of expertise was chosen so that subjects would be unfamiliar with the

passage topics, and thus could be potentially Influenced by the manner in which the content was

presented.
procedure

Subjects were told that the purpose of the experiment was to find out what types of information

people find difficult and easy to understand in scientific texts. They were told that they would be

reading several short science texts and solving simple problems. Subjects first read a practice

passage and solved problems based on that passage. They next read the two target passages

sequentially, and then solved related problems. They read one passage in the equation-based form

and the other in the verbal form. The order of presentation was counterbalanced. In all cases,

subjects were given as much time as they wanted to study the passages and solve the problems.

They did not have access to the passages while answering the questions.
Results

The dependent measure was the number of questions of each type answered correctly. Because

the dependent measure w'as dichotomous (correctAncorrect), the data were analyzed with a logistic
regression. The variables Included In the analysis were question type (direct application, transfer, or

proof), response type (predict or find-value), text version (equation-based or verbal), and passage.

The analysis showed that the response type Interacted with all other variables, Indicating different

results for the prediction and value-finding problems. Therefore, separate regressions were run for

these two problem sets. The results of these analyses are summarized below.

Prediction Problems

The prediction problems were analyzed In two ways. First, a regression was run on the complete

data set to examine the best-fitting model for all problems of this type. Based on this Initial analysis,
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an additional regression was run on just the proof-prediction problems to further clarify the data
pattern for this particular problem set.

ComDlete problem set: overall analysis. The best-fitting model for the prediction problems

Included the main effects of question type, version, and passage, and the version x type and type x'

passage interactions (X2.2.40, df.3, p<.493). The regression coefficients for this model are shown in

Table 1.

Insert Table 1 about here

The main finding of Interest is the version x type Interaction, shown in Figure 1. The equation-

based text produced better performance on the direct-application questions, but the verbal version

resulted in better performance on the proof questions. The proportion of questions answered

correctly for the direct-application questions was .72 with the verbal version and .87 with the

equation version. These means for proof questions were .85 correct with the verbal version and .72

correct with the equation version. Thus the verbal version enhanced subjects' ability to answer
prediction questions about the proof, and the equation version Improved their ability to make

predictions Involving straightforward application of the principle. The equation-based version also

produced a small Improvement in performance on the transfer problems (proportion correct was .71

with the verbal version and .77 with the equation version).

Insert Figure 1 about here

The type x passage interaction shown in Table 1 was due to the fact that subjects found different

types of questions easier in different passages. Performance was best on the proof questions with

the equation of continuity passage, and on the principle questions with the passage about Pascal's

principle. This Interaction simply reflects content differences between passages. The proportion of

questions answered correctly for the passage on Pascal's principle were .70 (direct-application), .75

(transfer), and .67 (proof). The corresponding means for equation of contdnuity were .90, .72, and

.91.

The relatively large parameter estimate 1,r the main effect of passage Indicates that subjects

perforned bettor overall on the questions relating to the equation of continuity. The smail parameter

estimates for the main effect of question type indicates that there was not much difference in overall

pedormance on the three types of questions, but subjects had somewhat rnore difficulty answering

the transfer questions. The small estimate for the main effect of version shows that passage version

did not Influence overall test performance summed across question type.
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Proof prediction problems: further exploration. As expected, presenting the proof in a non-

equational form Increased subjects' ability to use the proof content in solving prediction problems.

There are two potential sotorces for this effect.

First, readers may have processed the quantitative relations more thoroughly when they were

presented as written statements rather than equations. With the equational presentation, subjects

may have tried to simply memorize the symbolic expressions without really understanding them. In

contrast, the verbal presentation may have encouraged subjects to think more about the meaning of

the relations, resulting in a better understanding of this content. This effect would be reflected in
performance on questions pertaining to content whose presentation form varied in the two passage
versions. The verbal version would produce better performance than the equational version on these

questions.

Second, readers may have attended more evenly to the proof content when It was presented in
verbal form and therefore performed better on proof questions because they were able to remember

more of the proof. With the equational version, subjects may have focused primarily on the equations

to the exclusion of non-quantitative relational content. In this case, the advantage of the verbal
presentation would be to increase overall recall by Increasing recall of non-quantitative content, rather

than to increase depth of understanding of quantitative relations. This effect would be seen in
performance on questions relating to content whose presentation form was Identical in both passage
versions. The verbal version would produce better performance than the equational version,

Indicating that the equational presentation caused readers to focus on equations at the expense of

non-quantitative content.

In order better understand why the verbal presentation form Improved performance on the proof

questions, the question set was divided Into questions assessing information that (1) varied in form
across passage versions, and (2) remained constant in form across versions. Content that varied in
form expressed a quantitative relation (as either an equation or Its verbal equivalent). Content

remaining constant in form across passage versions contained non-quantitative Information (e.g.,
density is constant In Incompressible fluids). There were three questions in each category. With

correct/incorrect answer as the dependent measure, a logistic regression was run including the
variables of version (equation-based/verbal) and form constancy (form constant/form varied). The

results indicated significant main effects of both variables (X2 .1.46, df-1, p<.23) and no significant

Interactions. The coefficients for this model are shown in Table 2.

The main effect of version with no Interactions shows that for questions about both form-varied

(quantitative) and form-constant (non-quantitative) content, subjects did better with the verbal than
equation-based texts. This effect is shown in Figure 2. For questions about form-constant content,

subjects answered .60 correct with the equation-based version and .74 correct with the verbal

version. For questions about form-varied content, subjects answered .85 correct with the equation-

b-7
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based version, and .97 correct with the verbal version. This suggests that the verbal presentation
both Improved understanding of quantitative relations (I.e., information that varied In form) and
increased overall recall of proof content.

Insert Table 2 & Figure 2 about here

The main effect of targeted content (i.e., better performance on questions about form-varied
cumetd) Is not interpretable because the two question categories were correlated with passage topic
(i.e., all questions about form-varied content dealt with the equation of continuity, and all form.
constant questions dealt with Pascal's principle). It could be that subjects found one passage easier
to understand than the other, or this effect could simply reflect content differences between the two
question sets independent of the passage topic.
Find-Value Problems

For questions requiring subjects to solve for a quantity, the best-fitting model included the main
effects of type, version, and passage, and the version x passage interaction (X2=2.97, d6a4, p<.563).
Unlike the prediction problems, there was no version x type Interaction. The parameter estimates for
this model are presented in Table 3.

Insert Table 3 about here

There are two aspects of this question set that make Interpretation of the data pattern
problematic. First, there were relatively few find-value problems in each question category (1 direct
application, 2 proof, and 4 transfer). Second, the performance level on these questions was very low
(subjects averaged 2 correct out of the total 7 find-value problems, as opposed to 9 correct out of
thrý 12 prediction problems), Because there were few questions of this type and subjects performed
poody, the assessment of the effects of the Independent varables fi Lased on very few data points.

The version x passage Interaction indicates that subjects were better able to solve problems about
the equation of continuity with the equation-based version, and about Pascal's principle with the
verbal version. Tho proportion of problems solved correctly was .22 (verbal) and .35 (equation-
based) for equation of continuity; for Pascal's principle these means are .37 (verbal) and .25
(equation-based). However, because there were ooly two questions in this problem set for the
equation of continuity passage, this interaction cannot be a$qsned to be reliable.

The relatively large parameters for the main effect ot question type shows that subjects found
some types of questions easier to answer than others. Again, because of the small number of each
question type (1 direct application, 2 proof, and 4 transfer), it is difficult to Interpret this main effect.
However, the parameter estimates suggest that subjects found the proof questions to be the most
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difficult (mean proportion correct of .45 for direct application, .34 for transfer, and .15 for proof

questions).

The small parameter estimate for passage version shows that overall performance on these

questions was not Influenced by whether the proof was equation-based or presented verbally.

Similarly, the small estimate for the main effect of passage indicates that there was little difference in

the difficulty level of the question sets for each passage.
Discussion

This study examined the effects of presentation form on readers' understanding of scientific

proofs. The results indicate that the comprehension of proofs Is Influenced by whether the content is

expressed in the form of equations or written out as verbal statements.

Readers had more difficulty answering proof-related questions with the equation-based format.

Previous research suggests that one reason for this may be because novice readers assume that

equations are Important, and therefore focus on equations to the exclusion of other types of content

(Dee-Lucas & Larkin, 1986, 1988b). This would include, in the present study, the Important content

logically relating the equations Into a coherent proof. Subjects' knowledge of non-quantitative proof

information indicates that this was the case -- subjects were better able to use this content when

studied in the verbal proof format. This suggests that in the equation-based proofs, readers were

distracted by equations, focusing primarily on this content 3o that comprehension of other content

suffered. This effect of equations on the comprehension of non-equational content is particularly

troublesome In the case of scientific proofs, because understanding the relationships among

quantitative relations is especially Important for full understanding of this content. It has been shown

with other content domains that assumptions and logical consequences are the types of content that

readers are least likely to recall from logical arguments (Marcus, 1982). The current research suggests

that students' understanding of the assumptions and overall logical structure of scientific proofs may

be particularly hindered by the use of equations. This result could also explain in part the more general

finding from other research that students tend to dewlop fragmented representations of scientific

content domains (DiSessa, 1988; Labudde, Relf, & Quinn, 1988; Reif & Allen, 1989).

Because subjects focus primarily on equations In the equation-based presentation, it might be

expected that they would do better on equation-related questions with this format. However,

readers performed better on these questions with the verbal presentation. Previous research shows

that novices recall quantitative relations better when they are presented as equaticns (Dee-Lucas &

Larkln, 1988a). This suggests that the locus ot the problem-solving effect for these q.jestlons is in

applying the content rather than recalling it. That is, readers may be better able to recall information

presented in equational form (as shown in previous research) but have a better understanding of that

content when It Is presented verbally, as Indicated by the ability to use the Information In problem-

solving. This suggests that readers are focusing on equations for the purpose of memorizing them,
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without acquiring a thorough understanding. It may be that the compact form of equations

encourages students to memorize equations as a unit, and discourages students from decoding the

symbolic expressions in order to fully understand them. On the other hand, presenting the

Information verbally allows readers to start with a semantic expression of the relationship which may

be more difficult to recall, but ultimately results in a better understanding. This suggests that in

understanding equation-based proofs, novice readers may tend to view the relationships among

component equations in terms of how the expressions change (I.e., what symbols are added or

dropped) without attending to why they change.

It was expected that an improved understanding of the proof would also result in a deeper

understanding of the principle, such that performance on direct application and transfer questions

would also be facilitated by the verbal version of the proof. However, this was not the case.

Subjects performed better with the equation-based proof on direct-application problems, and slightly

better with this presentation format on the transfer problems.

An improved understanding of the proof most likely did not contribute to performance on the

direct-application questions because a deep understanding of the principle was not necessary for

answering these questions successfully. Because these problems mapped directly onto the situation

presented In the text, readers could simply substitute values into the relations expressed by the

principle to answer these correctly. The improved performance with the equation-based presentation

is probably related to differences In the form in which the principle was presented at the end of the

proof with the two passage versions. In both versions, the principle was Initially presented in verbal

form, with symbols for quantities but with relations among quantities written out in sentence form.
However, when the principle was repeated at the end of the proof, it was repeated in sentence form

(similar to the Initial presentation) in the verbal version and as an equation in the equation-based

version. As noted earlier, there is evidence that readers recall quantitative relations better when they

are presented as equations. Thus the beneficial effect of the equation-based proof on direct-

application questions may be because readers were more likely to recall the principle when they had

seen it as an equation at the end of the proof. Additioioally, the presentation of the principle in two

different forms (verbal and equation) in the equation-based version may also increase the

memorability of that Information over viewing it twice in sentence form.

The lack of an Improvemeni on the transfer questions with the verbal proof form suggests that

having a thorough understanding of the assumptions and logic underlying a scientific principle does

not necessarily help a student understand how to apply the principle to novel situations. Subjects

performed relativeiy well on these questions (mean of .74 correct). Although proof format did not

have a strong effect on responses, performance was somewhat Improved with the equation-based

proofs, a response pattern matching that of the direct-application questions. The similarity in

response patterns between these two question sets Is probably due to the nature of the transfer

t>- 10
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problems. These problems required readers to apply the principle to a situation that differed from

that presented in the text (e.g., find pressure In an odd-shaped container of fluid). There were two

bases on which these questions could be answered. First, the questions could be answered solely on

the basis of the statement of the principle presentec. prior to the proof in the text. This was a

complete statement of the principle which Included all the necessary qualifications. Thus If subjects

recalled this completely, they could answer the transfer questions without relying on knowledge of the

proof. Second, subjects could work through the proof mentally and determine what variables were

constant and what varied with size, shape, etc., and answer the question without completely recalling

the qualifications presented in the statement of the principle (of course, they would still need to recall

the basic relationship, e.g. area times speed is constant).

The fact that improved understanding of the proof was not related to performance on the

transfer problems suggests that students do not rely on proof information in problem solving (unless

the problem specifically Involves the proof). The similarity in performance level and pattern of

performance between the direct-application questions and the transfer questions also suggests that

subjects answered the transfer questions on the basis of recall of the principle alone. As with the

direct-applicatIon problems, the slightly better performance on the transfer problems with the

equation-based proof may be due to enhanced recall of the principle as a result of viewing it in two

different forms.

Students apparently try to solve problems using their knowledge of the principle, and do not

work through the proof, even if memory for the principle falls. Additionally, better comprehension of

the proof does not facilitate recall of the principle -- this is facilitated by repetition of the principle in

different forms. These findings raise questions about the role of proofs in facilitating understanding

of scientific principles. There are two factors that could contribute to the finding that students tend

to rely on their understanding of the principle, independent of its proof, in problem solving.

First, previous research suggests that students do not always integrate proof and principle

Information (Dee-Lucas & Larkin, 1989). Because the principle and proof are completely

comprehensible as stand-alone units, it is not necessary for readers to actively interrelate the

Information from the two passage segments. For example, readers might not relate the fact that

Pascal's principle holds true for all points In a fluid (presented as part of the principle) to the fact that

the component quantities used to calculate pressure are constant (presented as part of the proof). If

this is true, then students' comprehension of the proof would not be strongly related to their ability

to recall and use the principle. However, this suggests that a relationship between the

comprehension of scientific proofs and principles may be found if students are given a learning set

encouraging the active integration of passage content. Students may not be interrelating these two

types of content because they assume that the proof is simply elaborative Information which is not

critical to the main point of the text (i.e., the principle). Prior research shows that novices have

I - 11
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strong preconceptions about what types of information are Important and unimportant In science

texts (Dee-Lucas & Larkin, 1988a,b). If students are encouraged to attend to and Integrate proof

and principle content, then a better understanding of the proof could result In a more thorough

understanding of the principle, which would be reflected in better problem-solving ability.

Second, It is also possible that the transfer problems included in this study were not difficult

enough to prompt subjects to draw on their knowledge of the proof. Subjects may be more likely to

rely on this knowledge In solving more complicated problems, In which a variety of elements differ

between the original text and the problem situation. For these types of problems, a better

understanding of the rationale underlying the principle (i.e., the proof) could help in determining
whether the principle applies, and how it would apply to the problem setting. In general, the

effectiveness of elaborative information in texts (i.e., Information that supports or clarifies the main
points) has been found to be highly specific to the nature of the elaborations and the skill being

learned. For example, Reder, Charney, and Morgan (1986) found that in teaching how to use a

personal computer, text elaborations Illustrating the syntax of operating commands facilitated
learning, whereas elaborations explaining basic concepts and their applicability did not. Similarly,

Pirolli and Anderson (1985) found that for facilitating the learning of a computer language, providing

examples Illustrating how to perform a task is better than examples clarifying the outcome of a
procedure. It may be that for facilitating simple scientific problem-solving, providing examples of

problems may be more beneficial than presenting proofs (Ross, 1987). Proofs, on the other hand,

could prove beneficial in the case of more complex problem situations.

Although a better understanding of the proof did not aid in solving transfer problems of the type

provided In this study, there are other reasons for teaching students proofs. Proofs serve important

learning functions besides Improving problem solving. Scientific proofs illustrate scientific

methodology and In some Instances provide Information as to the historical context and significance

of the discovery of a scientific relation. Furthermore, an understanding of the nature and types of

assumptions underlying a scientific principle can be important In and of Itself, both in showing how
one constructs a logical argument and In promoting understanding of other scientific relations sharing

assumptions.

All of the results In the current study were based on the prediction problems. The performance

on the problems requiring readers to solve for a quantity was too poor to yield enough data for

reliable results. It may be that subjects did not spend enough time with the material In this study to be

able to solve this type of question -- they were able to predict how a change in one variable would

affect another, but could not remember the details needed to actually calculate the value change.

However, the low performance on these questions is consistent with general findings from research

on scientific problem-solving Indicating that students lack the skills r ecessary for solving quantitative

problems (Heller & Relf, 1984; Larkin, McDermott, Simon,& Simon, 1980).
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These findings show that the manner in which a proof is presented influence*. s3tudents' ability to

understand and recall it. The equation-based format hindered comprehension both by reducing the
comprehensibility of quantitative relations and by distracting students from non-quantitative

information. These results suggest that the traditional format for presenting proofs Is not optimal for
enhancing learning. This Is in part because novice readers use presentation form as a guide for

assessing importance as they are reading. Novices assume that equations signal important content,
whereas equations are typically used as a convenient notation for expressing any quantitative relation.
Additionally, equations appear to be more difficult for novices to understand than their verbal
equivalents. Equations require complex processing in order to decode the symbolic expressions into
their semantic representation. They may be easier to recall, but the results of this research suggest

that they are harder to understand.
In general, this research indicates that novice students need guidance in processing scientific

proofs to aid them in understanding and interrelating the content. This guidance can be provided in
part by limiting the use of equation notation to critical proof content (helping to call attention to this
content), and by elaborating on equations to aid novices with the decomposition into a semantic
representation. Additionally, important non-quantitative information should be presented in a manner

that calls attention to it, either by signally its importance through typographic cues (e.g., italicizing,
underlining, etc.), or by explicitly indicating its importance in the text (e.g., *you should note that," "it
is important to understand," etc.).

This research also raises questions about the role of proofs in facilitating understanding of

scientific principles. There was no evidence In this study that a deeper understanding of the proof
contributed to a deeper understanding of the principle. This may be because of the nature of the
problems Included In this research -- more difficult problems may in fact demonstrate such a
relationship. However, it is also possible that novice readers fall to process proofs in a manner that
interrelates them with their corresponding principle. If so, then novices may need additional help in

determining the relationship between the quantitative relations expressed by the principle and the
related properties of the component quantities presented in the proof.
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Table I
Coefficients for the Logistic Regression Model for the Prediction Problems

VdbeCoeff. t Er C~aff./StLEEr

Type:
Proof .148 .183 ..808
Direct Application .207 .242 .859
Transfer -.355 .188 -1.885

Version: -.089 .132 -.671

Passage: .48e .142 3.421

Version x Type:
Proof .609 .165 3.077
Direct Application -.433 .222 -1.953
Transfer -.076 .169 -.449

Type x Passage:
Proof .335 .179 1.876
Direct Application .215 .234 .921
Transfer -.550 .185 -2.969
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Table 2

Coefflicents for the Logistic Regression Model for the Proof Prediction Problems

Version: .420 .172 2,445

Fbrm Constancy: .821 .188 4.364
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Table 3
Coefficients for the Logistic Regression Model for the Value-Finding Problems

Variable Coeff. t Er Colkif./at E

Proof -.983 .260 -3.776
Ckt-w Application .765 .262 2.923
Tratrsfer .219 .188 1.165

Version: -.016 .153 -.107

Passage: .173 .164 1.054

Version x Passage: -.315 .153 -2.059
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Figure Captions

Figure 1. Effect of passage version (verbal and equation) for three problem types (proof, direct
application, and transfer).

Figure 2. Effect of passage version (verbal and equation) when the form of the content assessed
by the question was constant (qualitative information) and varied (quantitative information) across
passage version.
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Figure 1. Effect of passage version (verbal and equation) for three problem types (proof, direct
application, and transfer).
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Figure 2. Effect of passage version (verbal and equation) when the form of the content assessed by
the question was constant (qualitative Information) and varied (quantitative Information) across
passage version.
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Appendix I
Sample Passage showing Alternate Wording for Verbal and Equation Versions

Pascal's Principle - Pressure in a Fluid

The term *fluid statics" or 'hydrostatics' Is applied to the study of fluids at rest. In fluid statics,
we assume that the fluid and any other relevant objects, such as containers, are in equilibrium. The
laws of hydrostatics describe the forces produced by fluids and how they Interact when fluids are at
rest.

Pascal's principle describing how pressure varies in a fluid with changes in external pressure was
discovered in the seventeenth century by Blaise Pascal. Pascal's principle states that the added
pressure applied anywhere on a fluid, 4p, is equal to the corresponding change in pressure at any
point in the fluid, P2 - pl. This is a necessary consequence of the laws of fluid mechanics, as shown
below.

Assume that there is a liquid In equilibrium In a closed cylinder that Is fitted with a piston. [Figures
placed approximately here in experimental text.]

Continuation of Verbal Version Continuation of Equation Version

Using the piston, we apply an external pressure Using the piston, we apply an external pressure
to the top of the fluid and measure the pressure P G to the top of the fluid and measure the
at an. arbitrary point in the liquid (see figure 1). pressure p1 at an arbitrary point A In the liquid

(see figure 1).

We now increase the external pressure by an We now increase the external pressure Pe by an
arbitrary amount (see figure 2). arbitrary amount Ap (see figure 2).

We can calculate the size of the pressure change We can calculate the size of the pressure change,
by subtrr'cting the old pressure at that point Ap, by subtracting the old pressure at that point,
from the new pressure at that point. p 1, from the new pressure at that point, P2.

The old pressure is equal to the sum of the The old pressure pI is equal to
original external pressure and the pressure due P1 -l PO+jP
to the liquid above the point, where Pe is the original external pressure and pj

is the pressure due to the liquid above the point.

The new pressure is equal to the sum of the The new pressure p2 1s equal to
original external pressure, the pressure due to P2 -4p+ Pe + P1
the liquid above the point, and the increase in where 4p is the Increase in the external pressure
the external pressure (over the original external (over the original external pressure P.).
pressure).

When the external pressure is increased, the When the external pressure Pe is Increased, the
original external pressure and the pressure due original external pressure P. and the pressure pi
to the liquid above the point do not change. due to the liquid above point A do not change.

The fluid pressure above the point Is equal to the The fluid pressure above the point is equal to
product of the fluid density, the distance of the P1 - pgh
point from the top of the fluid, and the where p is the fluid density, h is the distance of
gravitational constant. the point from the top of the fluid, and g is the

gravitational constant.
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This quantity remains the' same when This quantity pi remains the same when
pressure is added because liquids are pressure is added because liquids are
incompressible-thus the distance of the point incompressible-thus h and p are not altered by
and the fluid density are not altered by the added the added pressure, nor Is the gravitational
pressure, nor is the gravitational constant. constant g.

Because the original external pressure and fluid Because the original external pressure pe and
pressure above the point remain unchanged fluid pressure pi above the point remain
when pressure Is added, subtracting the equation unchanged when pressure is added,
for old pressure from the equation for new (4p + Pe + PI) - (Pe + PI) - ,dP .
pressure leaves only the added external pressure.

Thus the change in pressure at an arbitrary point Thus,
in a fluid is equal to the change in external P2P -4P -
pressure.

This is the result known as Pascal's Principle.

Although we assume that liquids are incompressible, they are in fact slightly compressible. This
means that a change of pressure applied to one portion of a liquid propagates through the liquid as a
wave at the speed of sound. Once this disturbance has died out and equilibrium is established, it is
found that Pascal's Principle is valid.
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Appendix I1
Test for Pascal's Principle

This test Included three diagrams, with several questions about each. For questions about the first
two diagrams (questions sets I and II below), each question was followed by the options:

a. insufficient Information given
b. no
c. yes (If sufficient information is given, indicate the size of the change

These questions were classified according to the nature of the response:
(1) predict whether a change occurs (i.e., select from options a, b, and c)
(2) find the value of a change (i.e, calculate the value If selecting option c)

The last question (question set III below) required subjects only to solve for a value.

The questions were also categorized according to the kind of ability they tapped:
direct application of the passage content [dir app]
transfer requiring subjects to apply the information in a new way (trans]
application of some component of the proof [proof]

These categories are indicated next to the questions below, but this Information was not provided to
the subjects taking the test.

Problems for Pascal's Principle
I. Assume we have a 10 gallon tank filled with an incompressible oil at equilibrium. A random point
within the tank is labelled A. The top of the tank is fitted with a piston. Using the piston, we
Increase the pressure on the oil by 5 pounds.

Does the pressure at point A change? (circle one) [dir app]
Does the pressure on the bottom of the oil tank change? (circle one) [trans]
Does the density of the oil change? (circle one) [proof]
Does the pressure due to the oil above the point A change? (circle one) [proof]
Does the distance to the point A from the top of the oil change? (circle one) [proof]

II. Consider the apparatus shown above. We have a container fitted with a piston. There is a long
tube extending from the side of the container. The container and the tube are filled with mercury.
Two points within the mercury are labelled A and B. The top of the tube is fitted with a cap and
labelled C. The mercury is Incompressible and at equilibrium. Suppose we use the piston to Increase
the pressure on the mercury by 1.7 pounds.

Does the pressure at the point 8 change? (circle one) [trans]
Does the pressure on the cap of the tube changed? (circle one) [trans]

Ill. We have a test tube filled with Incompressible sulfuric acid. The sulfuric acid Is in equilibrium. We
know the following Information:

The atmospheric pressure on top of the test tube is 40,000.
The cross-sectional area of the test tube Is 1.
The density of the sulfuric acid Is 1.05.
The gravitational constant Is 980.
The height from the top of the sulfuric acid to the point A is 10.
The pressure on the bottom of the test tube is 307,000.
The volume of sulfuric acid in the test tube Is 100.

What Is the pressure at the labelled point A In the test tube? [proof]


